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Abstract	 ﾠ
This	 ﾠstudy	 ﾠwas	 ﾠundertaken	 ﾠto	 ﾠimprove	 ﾠthe	 ﾠperformance	 ﾠof	 ﾠa	 ﾠ
Chemotherapy	 ﾠTreatment	 ﾠUnit	 ﾠby	 ﾠincreasing	 ﾠthe	 ﾠthroughput	 ﾠ
and	 ﾠreducing	 ﾠthe	 ﾠaverage	 ﾠpatient’s	 ﾠwaiting	 ﾠtime.	 ﾠIn	 ﾠorder	 ﾠto	 ﾠ
achieve	 ﾠthis	 ﾠobjective,	 ﾠa	 ﾠscheduling	 ﾠtemplate	 ﾠhas	 ﾠbeen	 ﾠbuilt.	 ﾠ
The	 ﾠscheduling	 ﾠtemplate	 ﾠis	 ﾠa	 ﾠsimple	 ﾠtool	 ﾠthat	 ﾠcan	 ﾠbe	 ﾠused	 ﾠto	 ﾠ
schedule	 ﾠpatients’	 ﾠarrival	 ﾠto	 ﾠthe	 ﾠclinic.	 ﾠA	 ﾠsimulation	 ﾠmodel	 ﾠ
of	 ﾠthis	 ﾠsystem	 ﾠwas	 ﾠbuilt	 ﾠand	 ﾠseveral	 ﾠscenarios,	 ﾠthat	 ﾠtarget	 ﾠ
match	 ﾠt h e 	 ﾠa r r i v a l 	 ﾠp a t t e r n 	 ﾠo f 	 ﾠt h e 	 ﾠp a t i e n t s 	 ﾠa n d 	 ﾠr e s o u r c e s 	 ﾠ
availability,	 ﾠwere	 ﾠdesigned	 ﾠand	 ﾠevaluated.	 ﾠAfter	 ﾠperforming	 ﾠ
detailed	 ﾠ analysis,	 ﾠ one	 ﾠ scenario	 ﾠ provide	 ﾠ the	 ﾠ best	 ﾠ system’s	 ﾠ
performance.	 ﾠ A	 ﾠ scheduling	 ﾠ template	 ﾠ has	 ﾠ been	 ﾠ developed	 ﾠ
based	 ﾠ on	 ﾠ this	 ﾠ scenario.	 ﾠ After	 ﾠ implementing	 ﾠ the	 ﾠ new	 ﾠ
scheduling	 ﾠtemplate,	 ﾠ22.5%	 ﾠmore	 ﾠpatients	 ﾠcan	 ﾠbe	 ﾠserved.	 ﾠ	 ﾠ
	 ﾠ
	 ﾠ
1.	 ﾠIntroduction	 ﾠ	 ﾠ
CancerCare	 ﾠ Manitoba	 ﾠ is	 ﾠ a	 ﾠp r o v i n c i a l l y 	 ﾠm a n d a t e d 	 ﾠc a n c e r 	 ﾠ
care	 ﾠagency.	 ﾠIt	 ﾠis	 ﾠdedicated	 ﾠto	 ﾠprovide	 ﾠquality	 ﾠcare	 ﾠto	 ﾠthose	 ﾠ
who	 ﾠ have	 ﾠ been	 ﾠd i a g n o s e d 	 ﾠa n d 	 ﾠare	 ﾠ living	 ﾠ with	 ﾠ cancer.	 ﾠ
MacCharles	 ﾠChemotherapy	 ﾠunit	 ﾠis	 ﾠspecially	 ﾠbuilt	 ﾠto	 ﾠprovide	 ﾠ
chemotherapy	 ﾠ treatment	 ﾠ to	 ﾠ the	 ﾠ cancer	 ﾠ patients	 ﾠo f 	 ﾠ
Winnipeg.	 ﾠIn	 ﾠorder	 ﾠto	 ﾠmaintain	 ﾠan	 ﾠexcellent	 ﾠservice,	 ﾠit	 ﾠtries	 ﾠ
to	 ﾠ ensure	 ﾠ that	 ﾠ patients	 ﾠg e t 	 ﾠt h e i r 	 ﾠt r e a t m e n t 	 ﾠi n 	 ﾠa 	 ﾠt i m e l y 	 ﾠ
manner.	 ﾠIt	 ﾠis	 ﾠchallenging	 ﾠto	 ﾠmaintain	 ﾠthat	 ﾠgoal	 ﾠbecause	 ﾠof	 ﾠ
the	 ﾠlack	 ﾠof	 ﾠa	 ﾠproper	 ﾠroster,	 ﾠthe	 ﾠworkload	 ﾠdistribution	 ﾠand	 ﾠ
inefficient	 ﾠ resource	 ﾠ allotment.	 ﾠ In	 ﾠ order	 ﾠ to	 ﾠ maintain	 ﾠ the	 ﾠ
satisfaction	 ﾠof	 ﾠthe	 ﾠpatients	 ﾠand	 ﾠthe	 ﾠhealthcare	 ﾠproviders,	 ﾠby	 ﾠ
serving	 ﾠ the	 ﾠ maximum	 ﾠ number	 ﾠ of	 ﾠ patients	 ﾠ in	 ﾠ a	 ﾠ timely	 ﾠ
manner,	 ﾠit	 ﾠis	 ﾠnecessary	 ﾠto	 ﾠdevelop	 ﾠan	 ﾠefficient	 ﾠscheduling	 ﾠ
template	 ﾠ that	 ﾠ matches	 ﾠ the	 ﾠ required	 ﾠ demand	 ﾠ with	 ﾠ the	 ﾠ
availability	 ﾠo f 	 ﾠr e s o u r c e s .	 ﾠ This	 ﾠ goal	 ﾠ can	 ﾠ be	 ﾠ reached	 ﾠ using	 ﾠ
simulation	 ﾠ modelling.	 ﾠ Simulation	 ﾠ has	 ﾠ proven	 ﾠ to	 ﾠ be	 ﾠ an	 ﾠ
excellent	 ﾠ modelling	 ﾠ tool.	 ﾠ It	 ﾠ can	 ﾠ be	 ﾠ defined	 ﾠ as	 ﾠ building	 ﾠ
computer	 ﾠmodels	 ﾠthat	 ﾠrepresent	 ﾠreal	 ﾠworld	 ﾠor	 ﾠhypothetical	 ﾠ
systems,	 ﾠ and	 ﾠ hence	 ﾠ experimenting	 ﾠ with	 ﾠ these	 ﾠ models	 ﾠ to	 ﾠ
study	 ﾠsystem	 ﾠbehaviour	 ﾠunder	 ﾠdifferent	 ﾠscenarios.
1,	 ﾠ2	 ﾠ	 ﾠ	 ﾠ
	 ﾠ
A	 ﾠ study	 ﾠ was	 ﾠ undertaken	 ﾠ at	 ﾠ the	 ﾠ Children’s	 ﾠ Hospital	 ﾠ of	 ﾠ
Eastern	 ﾠ Ontario	 ﾠ to	 ﾠ identify	 ﾠ the	 ﾠ issues	 ﾠ behind	 ﾠ the	 ﾠ long	 ﾠ
waiting	 ﾠ time	 ﾠ of	 ﾠ a	 ﾠ emergency	 ﾠ room.
3	 ﾠA 	 ﾠ20-ﾭ‐day	 ﾠ field	 ﾠ
observation	 ﾠ revealed	 ﾠ that	 ﾠ the	 ﾠ availability	 ﾠ of	 ﾠ the	 ﾠ staff	 ﾠ
physician	 ﾠ and	 ﾠ interaction	 ﾠ affects	 ﾠ the	 ﾠ patient	 ﾠ wait	 ﾠ time.	 ﾠ
Jyväskylä	 ﾠ et	 ﾠ al.
4	 ﾠ used	 ﾠsimulation	 ﾠto	 ﾠtest	 ﾠdifferent	 ﾠprocess	 ﾠ
scenarios,	 ﾠ allocate	 ﾠr e s o u r c e s 	 ﾠa n d 	 ﾠp e r f o r m 	 ﾠa c t i v i t y -ﾭ‐based	 ﾠ
cost	 ﾠ analysis	 ﾠ in	 ﾠ the	 ﾠ Emergency	 ﾠ Department	 ﾠ (ED)	 ﾠ at	 ﾠ the	 ﾠ
Central	 ﾠHospital.	 ﾠThe	 ﾠsimulation	 ﾠalso	 ﾠsupported	 ﾠthe	 ﾠstudy	 ﾠof	 ﾠ
a	 ﾠnew	 ﾠoperational	 ﾠmethod,	 ﾠnamed	 ﾠ“triage-ﾭ‐team”	 ﾠmethod	 ﾠ
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 ﾠ
without	 ﾠinterrupting	 ﾠthe	 ﾠmain	 ﾠsystem.	 ﾠThe	 ﾠproposed	 ﾠtriage	 ﾠ
team	 ﾠ method	 ﾠ categorises	 ﾠ the	 ﾠ entire	 ﾠ patient	 ﾠ according	 ﾠ to	 ﾠ
the	 ﾠ urgency	 ﾠ to	 ﾠ see	 ﾠ the	 ﾠ doctor	 ﾠ and	 ﾠ allows	 ﾠ the	 ﾠ patient	 ﾠ to	 ﾠ
complete	 ﾠ the	 ﾠ necessary	 ﾠ test	 ﾠ before	 ﾠ being	 ﾠ seen	 ﾠ by	 ﾠ the	 ﾠ
doctor	 ﾠfor	 ﾠthe	 ﾠfirst	 ﾠtime.	 ﾠThe	 ﾠsimulation	 ﾠstudy	 ﾠshowed	 ﾠthat	 ﾠ
it	 ﾠ will	 ﾠ decrease	 ﾠ the	 ﾠ throughput	 ﾠ time	 ﾠ of	 ﾠ the	 ﾠ patient	 ﾠ and	 ﾠ
reduce	 ﾠ the	 ﾠ utilisation	 ﾠ of	 ﾠ the	 ﾠ specialist	 ﾠ and	 ﾠ enable	 ﾠ the	 ﾠ
ordering	 ﾠall	 ﾠthe	 ﾠtests	 ﾠthe	 ﾠpatient	 ﾠneeds	 ﾠright	 ﾠafter	 ﾠarrival,	 ﾠ
thus	 ﾠquickening	 ﾠthe	 ﾠreferral	 ﾠto	 ﾠtreatment.	 ﾠ	 ﾠ
	 ﾠ
Santibáñez	 ﾠ et	 ﾠ al.
5	 ﾠd e v e l o p e d 	 ﾠa 	 ﾠd i s c r e t e 	 ﾠe v e n t 	 ﾠs i m u l a t i o n 	 ﾠ
model	 ﾠof	 ﾠBritish	 ﾠColumbia	 ﾠCancer	 ﾠAgency’s	 ﾠambulatory	 ﾠcare	 ﾠ
unit	 ﾠ which	 ﾠ was	 ﾠ used	 ﾠ to	 ﾠ study	 ﾠ the	 ﾠ impact	 ﾠ of	 ﾠ scenarios	 ﾠ
considering	 ﾠdifferent	 ﾠoperational	 ﾠfactors	 ﾠ(delay	 ﾠin	 ﾠstarting	 ﾠ
clinic),	 ﾠ appointment	 ﾠ schedule	 ﾠ (appointment	 ﾠ order,	 ﾠ
appointment	 ﾠ adjustment,	 ﾠ add-ﾭ‐ons	 ﾠ to	 ﾠ the	 ﾠ schedule)	 ﾠ and	 ﾠ
resource	 ﾠallocation.	 ﾠIt	 ﾠwas	 ﾠfound	 ﾠthat	 ﾠthe	 ﾠbest	 ﾠoutcomes	 ﾠ
were	 ﾠ obtained	 ﾠ when	 ﾠ not	 ﾠ one	 ﾠ but	 ﾠ multiple	 ﾠ changes	 ﾠ were	 ﾠ
implemented	 ﾠsimultaneously.	 ﾠSepúlveda	 ﾠet	 ﾠal.
6	 ﾠstudied	 ﾠthe	 ﾠ
M.	 ﾠD.	 ﾠAnderson	 ﾠCancer	 ﾠCentre	 ﾠOrlando,	 ﾠwhich	 ﾠis	 ﾠa	 ﾠcancer	 ﾠ
treatment	 ﾠfacility	 ﾠand	 ﾠbuilt	 ﾠa	 ﾠsimulation	 ﾠmodel	 ﾠto	 ﾠanalyse	 ﾠ
and	 ﾠimprove	 ﾠflow	 ﾠprocess	 ﾠand	 ﾠincrease	 ﾠcapacity	 ﾠin	 ﾠthe	 ﾠmain	 ﾠ
facility.	 ﾠ Different	 ﾠ scenarios	 ﾠ were	 ﾠ considered	 ﾠ like,	 ﾠ
transferring	 ﾠlaboratory	 ﾠand	 ﾠpharmacy	 ﾠareas,	 ﾠadding	 ﾠan	 ﾠextra	 ﾠ
blood	 ﾠ draw	 ﾠ room	 ﾠ and	 ﾠ applying	 ﾠ different	 ﾠ scheduling	 ﾠ
techniques	 ﾠof	 ﾠpatients.	 ﾠThe	 ﾠstudy	 ﾠshows	 ﾠthat	 ﾠby	 ﾠincreasing	 ﾠ
the	 ﾠnumber	 ﾠof	 ﾠshort-ﾭ‐term	 ﾠ(four	 ﾠhours	 ﾠor	 ﾠless)	 ﾠpatients	 ﾠin	 ﾠthe	 ﾠ
morning	 ﾠcould	 ﾠincrease	 ﾠchair	 ﾠutilisation.	 ﾠ	 ﾠ	 ﾠ
	 ﾠ
Discrete	 ﾠ event	 ﾠ simulation	 ﾠ also	 ﾠ helps	 ﾠi m p r o v e 	 ﾠa 	 ﾠs e r v i c e 	 ﾠ
where	 ﾠstaff	 ﾠare	 ﾠignorant	 ﾠabout	 ﾠthe	 ﾠbehaviour	 ﾠof	 ﾠthe	 ﾠsystem	 ﾠ
as	 ﾠ a	 ﾠ whole;	 ﾠ which	 ﾠ can	 ﾠ also	 ﾠ be	 ﾠ described	 ﾠ as	 ﾠ a	 ﾠ real	 ﾠ
professional	 ﾠ system.	 ﾠ Niranjon	 ﾠ et	 ﾠ al.
7	 ﾠ used	 ﾠ simulation	 ﾠ
successfully	 ﾠwhere	 ﾠthey	 ﾠhad	 ﾠto	 ﾠface	 ﾠsuch	 ﾠconstraints	 ﾠand	 ﾠ
lack	 ﾠ of	 ﾠ accessible	 ﾠ data.	 ﾠ Carlos	 ﾠ et	 ﾠ al.
	 ﾠ 8	 ﾠ used	 ﾠ Total	 ﾠ quality	 ﾠ
management	 ﾠ and	 ﾠ simulation	 ﾠ –	 ﾠ animation	 ﾠt o 	 ﾠi m p r o v e 	 ﾠt h e 	 ﾠ
quality	 ﾠ of	 ﾠ the	 ﾠ emergency	 ﾠ room.	 ﾠ Simulation	 ﾠ was	 ﾠ used	 ﾠ to	 ﾠ
cover	 ﾠthe	 ﾠkey	 ﾠpoint	 ﾠof	 ﾠthe	 ﾠemergency	 ﾠroom	 ﾠand	 ﾠanimation	 ﾠ
was	 ﾠused	 ﾠto	 ﾠindicate	 ﾠthe	 ﾠareas	 ﾠof	 ﾠopportunity	 ﾠrequired.	 ﾠThis	 ﾠ
study	 ﾠrevealed	 ﾠthat	 ﾠa	 ﾠlong	 ﾠwaiting	 ﾠtime,	 ﾠoverload	 ﾠpersonnel	 ﾠ
and	 ﾠincreasing	 ﾠwithdrawal	 ﾠrate	 ﾠof	 ﾠpatients	 ﾠare	 ﾠcaused	 ﾠby	 ﾠ
the	 ﾠlack	 ﾠof	 ﾠcapacity	 ﾠin	 ﾠthe	 ﾠemergency	 ﾠroom.
	 ﾠ
	 ﾠ
Baesler	 ﾠ et	 ﾠ al.
9	 ﾠd e v e l o p e d 	 ﾠa 	 ﾠm e t h o d o l o g y 	 ﾠf o r 	 ﾠa 	 ﾠc a n c e r 	 ﾠ
treatment	 ﾠ facility	 ﾠ to	 ﾠ find	 ﾠ stochastically	 ﾠ a	 ﾠ global	 ﾠ optimum	 ﾠ
point	 ﾠ for	 ﾠ the	 ﾠ control	 ﾠ variables.	 ﾠ A	 ﾠ simulation	 ﾠ model	 ﾠ
generated	 ﾠthe	 ﾠoutput	 ﾠusing	 ﾠa	 ﾠgoal	 ﾠprogramming	 ﾠframework	 ﾠ
for	 ﾠall	 ﾠthe	 ﾠobjectives	 ﾠinvolved	 ﾠin	 ﾠthe	 ﾠanalysis.	 ﾠLater	 ﾠa	 ﾠgenetic	 ﾠ
algorithm	 ﾠwas	 ﾠresponsible	 ﾠfor	 ﾠperforming	 ﾠthe	 ﾠsearch	 ﾠfor	 ﾠan	 ﾠ
improved	 ﾠ solution.	 ﾠ The	 ﾠ control	 ﾠ variables	 ﾠ that	 ﾠ were	 ﾠ
considered	 ﾠin	 ﾠthis	 ﾠresearch	 ﾠare	 ﾠnumber	 ﾠof	 ﾠtreatment	 ﾠchairs,	 ﾠ
number	 ﾠof	 ﾠdrawing	 ﾠblood	 ﾠnurses,	 ﾠlaboratory	 ﾠpersonnel,	 ﾠand	 ﾠ
pharmacy	 ﾠpersonnel.	 ﾠGuo	 ﾠet	 ﾠal.
	 ﾠ 10	 ﾠpresented	 ﾠa	 ﾠsimulation	 ﾠ
framework	 ﾠ considering	 ﾠ demand	 ﾠ for	 ﾠ appointment,	 ﾠ patient	 ﾠ
flow	 ﾠ logic,	 ﾠ distribution	 ﾠ of	 ﾠ resources,	 ﾠ scheduling	 ﾠ rules	 ﾠ
followed	 ﾠby	 ﾠthe	 ﾠscheduler.	 ﾠThe	 ﾠobjective	 ﾠof	 ﾠthe	 ﾠstudy	 ﾠwas	 ﾠto	 ﾠ
develop	 ﾠa	 ﾠscheduling	 ﾠrule	 ﾠwhich	 ﾠwill	 ﾠensure	 ﾠthat	 ﾠ95%	 ﾠof	 ﾠall	 ﾠ
the	 ﾠappointment	 ﾠrequests	 ﾠshould	 ﾠbe	 ﾠseen	 ﾠwithin	 ﾠone	 ﾠweek	 ﾠ
after	 ﾠthe	 ﾠrequest	 ﾠis	 ﾠmade	 ﾠto	 ﾠincrease	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠpatient	 ﾠ
satisfaction	 ﾠ and	 ﾠ balance	 ﾠt h e 	 ﾠs c h e d u l e 	 ﾠo f 	 ﾠe a c h 	 ﾠd octor	 ﾠ to	 ﾠ
maintain	 ﾠa	 ﾠfine	 ﾠharmony	 ﾠbetween	 ﾠ“busy	 ﾠclinic”	 ﾠand	 ﾠ“quiet	 ﾠ
clinic”.	 ﾠ	 ﾠ
Huschka	 ﾠ et	 ﾠ al.
11	 ﾠs t u d i e d 	 ﾠa 	 ﾠh e a l t h care	 ﾠ system	 ﾠ which	 ﾠ was	 ﾠ
about	 ﾠ to	 ﾠ change	 ﾠ their	 ﾠ facility	 ﾠ layout.	 ﾠ In	 ﾠ this	 ﾠ case	 ﾠ a	 ﾠ
simulation	 ﾠ model	 ﾠ study	 ﾠ helped	 ﾠ them	 ﾠ to	 ﾠ design	 ﾠ a	 ﾠ new	 ﾠ
healthcare	 ﾠ practice	 ﾠ by	 ﾠ evaluating	 ﾠ the	 ﾠ change	 ﾠ in	 ﾠ layout	 ﾠ
before	 ﾠimplementation.	 ﾠHistorical	 ﾠdata	 ﾠlike	 ﾠthe	 ﾠarrival	 ﾠrate	 ﾠ
of	 ﾠthe	 ﾠpatients,	 ﾠnumber	 ﾠof	 ﾠpatients	 ﾠvisited	 ﾠeach	 ﾠday,	 ﾠpatient	 ﾠ
flow	 ﾠ logic,	 ﾠ was	 ﾠ used	 ﾠ to	 ﾠ build	 ﾠ the	 ﾠ current	 ﾠ system	 ﾠ model.	 ﾠ
Later,	 ﾠd i f f e r e n t 	 ﾠs c e n a r i o s 	 ﾠw e r e 	 ﾠd e s i g n e d 	 ﾠw hich	 ﾠ measured	 ﾠ
the	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠcurrent	 ﾠlayout	 ﾠand	 ﾠperformance.	 ﾠ	 ﾠ
Wijewickrama	 ﾠ et	 ﾠ al.
12	 ﾠd e v e l o p e d 	 ﾠa 	 ﾠs i m u l a t i o n 	 ﾠm o d e l 	 ﾠt o 	 ﾠ
evaluate	 ﾠ appointment	 ﾠ schedule	 ﾠ (AS)	 ﾠ for	 ﾠ second	 ﾠ time	 ﾠ
consultations	 ﾠand	 ﾠpatient	 ﾠappointment	 ﾠsequence	 ﾠ(PSEQ)	 ﾠin	 ﾠ
a	 ﾠ multi-ﾭ‐facility	 ﾠ system.	 ﾠ Five	 ﾠd i f f e r e n t 	 ﾠa p p o i n t m e n t 	 ﾠr u l e 	 ﾠ
(ARULE)	 ﾠwere	 ﾠconsidered:	 ﾠi)	 ﾠBaily;	 ﾠii)	 ﾠ3Baily;	 ﾠiii)	 ﾠIndividual	 ﾠ
(Ind);	 ﾠ iv)	 ﾠ two	 ﾠ patients	 ﾠ at	 ﾠ a	 ﾠ time	 ﾠ (2AtaTime);	 ﾠv ) 	 ﾠV a r i a b l e 	 ﾠ
Interval	 ﾠand	 ﾠ(V-ﾭ‐I)	 ﾠrule.	 ﾠPSEQ	 ﾠis	 ﾠbased	 ﾠon	 ﾠtype	 ﾠof	 ﾠpatients:	 ﾠ
Appointment	 ﾠ patients	 ﾠ (APs)	 ﾠ and	 ﾠ new	 ﾠ patients	 ﾠ (NPs).	 ﾠ The	 ﾠ
different	 ﾠPSEQ	 ﾠthat	 ﾠwere	 ﾠstudied	 ﾠin	 ﾠthis	 ﾠstudy	 ﾠwere:	 ﾠi)	 ﾠfirst-ﾭ‐
come	 ﾠfirst-ﾭ‐serve;	 ﾠii)	 ﾠappointment	 ﾠpatient	 ﾠat	 ﾠthe	 ﾠbeginning	 ﾠof	 ﾠ
the	 ﾠclinic	 ﾠ(APBEG);	 ﾠiii)	 ﾠnew	 ﾠpatient	 ﾠat	 ﾠthe	 ﾠbeginning	 ﾠof	 ﾠthe	 ﾠ
clinic	 ﾠ(NPBEG);	 ﾠiv)	 ﾠassigning	 ﾠappointed	 ﾠand	 ﾠnew	 ﾠpatients	 ﾠin	 ﾠ
an	 ﾠalternating	 ﾠmanner	 ﾠ(ALTER);	 ﾠv)	 ﾠassigning	 ﾠa	 ﾠnew	 ﾠpatient	 ﾠ
after	 ﾠevery	 ﾠfive-ﾭ‐appointment	 ﾠpatients.	 ﾠAlso	 ﾠpatient	 ﾠno	 ﾠshow	 ﾠ
(0%	 ﾠand	 ﾠ5%)	 ﾠand	 ﾠpatient	 ﾠpunctuality	 ﾠ(PUNCT)	 ﾠ(on-ﾭ‐time	 ﾠand	 ﾠ
10	 ﾠminutes	 ﾠearly)	 ﾠwere	 ﾠalso	 ﾠconsidered.	 ﾠThe	 ﾠstudy	 ﾠfound	 ﾠ
that	 ﾠ ALTER-ﾭ‐Ind.	 ﾠ and	 ﾠ ALTER5-ﾭ‐Ind.	 ﾠ performed	 ﾠ best	 ﾠ on	 ﾠ 0%	 ﾠ
NOSHOW,	 ﾠ on-ﾭ‐time	 ﾠ PUNCT	 ﾠ and	 ﾠ 5%	 ﾠ NOSHOW,	 ﾠ on-ﾭ‐time	 ﾠ
PUNCT	 ﾠ situation	 ﾠ to	 ﾠ reduce	 ﾠ WT	 ﾠ and	 ﾠ IT	 ﾠ per	 ﾠ patient.	 ﾠ As	 ﾠ	 ﾠAustralasian	 ﾠMedical	 ﾠJournal	 ﾠ[AMJ	 ﾠ2011,	 ﾠ4,	 ﾠ10,	 ﾠ575-ﾭ‐588]	 ﾠ
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 ﾠ
NOSHOW	 ﾠcreated	 ﾠslack	 ﾠtime	 ﾠfor	 ﾠwaiting	 ﾠpatients,	 ﾠtheir	 ﾠWT	 ﾠ
tends	 ﾠ to	 ﾠ reduce	 ﾠ while	 ﾠ IT	 ﾠ increases	 ﾠ due	 ﾠ to	 ﾠ unexpected	 ﾠ
cancellation.	 ﾠE a r l i n e s s 	 ﾠi n c r e a s e s 	 ﾠc o n g e s t i o n 	 ﾠw h i chin	 ﾠ turn	 ﾠ
increases	 ﾠwaiting	 ﾠtime.	 ﾠ	 ﾠ	 ﾠ	 ﾠ
Ramis	 ﾠ et	 ﾠ al.
13	 ﾠ conducted	 ﾠ a	 ﾠ study	 ﾠ of	 ﾠ a	 ﾠM e d i c a l 	 ﾠI m a g i n g 	 ﾠ
Center	 ﾠ(MIC)	 ﾠto	 ﾠbuild	 ﾠa	 ﾠsimulation	 ﾠmodel	 ﾠwhich	 ﾠwas	 ﾠused	 ﾠto	 ﾠ
improve	 ﾠthe	 ﾠpatient	 ﾠjourney	 ﾠthrough	 ﾠan	 ﾠimaging	 ﾠcentre	 ﾠby	 ﾠ
reducing	 ﾠ the	 ﾠ wait	 ﾠ time	 ﾠ and	 ﾠ making	 ﾠ better	 ﾠ use	 ﾠo f 	 ﾠt h e 	 ﾠ
resources.	 ﾠThe	 ﾠsimulation	 ﾠmodel	 ﾠalso	 ﾠused	 ﾠa	 ﾠGraphic	 ﾠUser	 ﾠ
Interface	 ﾠ (GUI)	 ﾠ to	 ﾠ provide	 ﾠ the	 ﾠ parameters	 ﾠ of	 ﾠ the	 ﾠ centre,	 ﾠ
such	 ﾠas	 ﾠarrival	 ﾠrates,	 ﾠdistances,	 ﾠprocessing	 ﾠtimes,	 ﾠresources	 ﾠ
and	 ﾠ schedule.	 ﾠ The	 ﾠ simulation	 ﾠ was	 ﾠ used	 ﾠ to	 ﾠ measure	 ﾠ the	 ﾠ
waiting	 ﾠtime	 ﾠof	 ﾠthe	 ﾠpatients	 ﾠin	 ﾠdifferent	 ﾠcase	 ﾠscenarios.	 ﾠThe	 ﾠ
study	 ﾠ found	 ﾠ that	 ﾠ assigning	 ﾠ a	 ﾠ common	 ﾠ function	 ﾠ to	 ﾠ the	 ﾠ
resource	 ﾠpersonnel	 ﾠcould	 ﾠimprove	 ﾠthe	 ﾠwaiting	 ﾠtime	 ﾠof	 ﾠthe	 ﾠ
patients.	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
The	 ﾠ objective	 ﾠ of	 ﾠ this	 ﾠ study	 ﾠ is	 ﾠ to	 ﾠ develop	 ﾠ an	 ﾠ efficient	 ﾠ
scheduling	 ﾠtemplate	 ﾠthat	 ﾠmaximises	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠserved	 ﾠ
patients	 ﾠand	 ﾠminimises	 ﾠthe	 ﾠaverage	 ﾠpatient’s	 ﾠwaiting	 ﾠtime	 ﾠ
at	 ﾠ the	 ﾠ given	 ﾠ resources	 ﾠ availability.	 ﾠ To	 ﾠ accomplish	 ﾠ this	 ﾠ
objective,	 ﾠwe	 ﾠwill	 ﾠbuild	 ﾠa	 ﾠsimulation	 ﾠmodel	 ﾠwhich	 ﾠmimics	 ﾠ
the	 ﾠworking	 ﾠconditions	 ﾠof	 ﾠthe	 ﾠclinic.	 ﾠThen	 ﾠwe	 ﾠwill	 ﾠsuggest	 ﾠ
different	 ﾠscenarios	 ﾠof	 ﾠmatching	 ﾠthe	 ﾠarrival	 ﾠpattern	 ﾠof	 ﾠthe	 ﾠ
patients	 ﾠ with	 ﾠ the	 ﾠ availability	 ﾠo f 	 ﾠt h e 	 ﾠr e s o u r c e s .	 ﾠ Full	 ﾠ
experiments	 ﾠwill	 ﾠbe	 ﾠperformed	 ﾠto	 ﾠevaluate	 ﾠthese	 ﾠscenarios.	 ﾠ
Hence,	 ﾠa	 ﾠsimple	 ﾠand	 ﾠpractical	 ﾠscheduling	 ﾠtemplate	 ﾠwill	 ﾠbe	 ﾠ
built	 ﾠbased	 ﾠon	 ﾠthe	 ﾠindentified	 ﾠbest	 ﾠscenario.	 ﾠThe	 ﾠdeveloped	 ﾠ
simulation	 ﾠmodel	 ﾠis	 ﾠdescribed	 ﾠin	 ﾠsection	 ﾠ2,	 ﾠwhich	 ﾠconsists	 ﾠof	 ﾠ
a	 ﾠdescription	 ﾠof	 ﾠthe	 ﾠtreatment	 ﾠroom,	 ﾠand	 ﾠa	 ﾠdescription	 ﾠof	 ﾠ
the	 ﾠtypes	 ﾠof	 ﾠpatients	 ﾠand	 ﾠtreatment	 ﾠdurations.	 ﾠIn	 ﾠsection	 ﾠ3,	 ﾠ
different	 ﾠ improvement	 ﾠ scenarios	 ﾠ are	 ﾠ described	 ﾠ and	 ﾠ their	 ﾠ
analysis	 ﾠ is	 ﾠ presented	 ﾠ in	 ﾠs e c t i o n 	 ﾠ4 . 	 ﾠS e c t i o n 	 ﾠ5 	 ﾠi l l u s t r a t e s 	 ﾠa 	 ﾠ
scheduling	 ﾠ template	 ﾠ based	 ﾠ on	 ﾠ one	 ﾠo f 	 ﾠt h e 	 ﾠi m p r o v e m e n t 	 ﾠ
scenarios.	 ﾠFinally,	 ﾠthe	 ﾠconclusion	 ﾠand	 ﾠfuture	 ﾠdirection	 ﾠof	 ﾠour	 ﾠ
work	 ﾠis	 ﾠexhibited	 ﾠin	 ﾠsection	 ﾠ6.	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
2.	 ﾠSimulation	 ﾠModel	 ﾠ
A	 ﾠsimulation	 ﾠmodel	 ﾠrepresents	 ﾠthe	 ﾠactual	 ﾠsystem	 ﾠand	 ﾠassists	 ﾠ
in	 ﾠvisualising	 ﾠand	 ﾠevaluating	 ﾠthe	 ﾠperformance	 ﾠof	 ﾠthe	 ﾠsystem	 ﾠ
under	 ﾠ different	 ﾠ scenarios	 ﾠ without	 ﾠ interrupting	 ﾠ the	 ﾠ actual	 ﾠ
system.	 ﾠ Building	 ﾠ a	 ﾠ proper	 ﾠ simulation	 ﾠ model	 ﾠ of	 ﾠ a	 ﾠ system	 ﾠ
consists	 ﾠof	 ﾠthe	 ﾠfollowing	 ﾠsteps.	 ﾠ
i)  Observing	 ﾠ the	 ﾠ system	 ﾠ to	 ﾠ understand	 ﾠ the	 ﾠ flow	 ﾠ of	 ﾠ the	 ﾠ
entities,	 ﾠkey	 ﾠplayers,	 ﾠavailability	 ﾠof	 ﾠresources	 ﾠand	 ﾠoverall	 ﾠ
generic	 ﾠframework.	 ﾠ
ii)  Collecting	 ﾠthe	 ﾠdata	 ﾠon	 ﾠthe	 ﾠnumber	 ﾠand	 ﾠtype	 ﾠof	 ﾠentities,	 ﾠ
time	 ﾠ consumed	 ﾠ by	 ﾠ the	 ﾠ entities	 ﾠ at	 ﾠ each	 ﾠ step	 ﾠo f 	 ﾠtheir	 ﾠ
journey,	 ﾠand	 ﾠavailability	 ﾠof	 ﾠresources.	 ﾠ
iii) After	 ﾠ building	 ﾠ the	 ﾠ simulation	 ﾠ model	 ﾠ it	 ﾠ is	 ﾠ necessary	 ﾠ to	 ﾠ
confirm	 ﾠ that	 ﾠ the	 ﾠ model	 ﾠ is	 ﾠ valid.	 ﾠ This	 ﾠc a n 	 ﾠb e 	 ﾠd o n e 	 ﾠb y 	 ﾠ
confirming	 ﾠthat	 ﾠeach	 ﾠentity	 ﾠflows	 ﾠas	 ﾠit	 ﾠis	 ﾠsupposed	 ﾠto	 ﾠ
and	 ﾠ the	 ﾠ statistical	 ﾠ data	 ﾠ generated	 ﾠ by	 ﾠ the	 ﾠ simulation	 ﾠ
model	 ﾠis	 ﾠsimilar	 ﾠto	 ﾠthe	 ﾠcollected	 ﾠdata.	 ﾠ	 ﾠ	 ﾠ
Figure	 ﾠ1	 ﾠshows	 ﾠthe	 ﾠpatient	 ﾠflow	 ﾠprocess	 ﾠin	 ﾠthe	 ﾠtreatment	 ﾠ
room.	 ﾠ On	 ﾠ the	 ﾠ patient’s	 ﾠ first	 ﾠ appointment,	 ﾠ the	 ﾠ oncologist	 ﾠ
comes	 ﾠ up	 ﾠ with	 ﾠ the	 ﾠ treatment	 ﾠ plan.	 ﾠ The	 ﾠ treatment	 ﾠ time	 ﾠ
varies	 ﾠaccording	 ﾠto	 ﾠthe	 ﾠpatient’s	 ﾠcondition,	 ﾠwhich	 ﾠmay	 ﾠbe	 ﾠ1	 ﾠ
hour	 ﾠto	 ﾠ10	 ﾠhours.	 ﾠBased	 ﾠon	 ﾠthe	 ﾠtype	 ﾠof	 ﾠthe	 ﾠtreatment,	 ﾠthe	 ﾠ
physician	 ﾠor	 ﾠthe	 ﾠclinical	 ﾠclerk	 ﾠbooks	 ﾠan	 ﾠavailable	 ﾠtreatment	 ﾠ
chair	 ﾠfor	 ﾠthat	 ﾠtime	 ﾠperiod.	 ﾠ
On	 ﾠthe	 ﾠday	 ﾠof	 ﾠthe	 ﾠappointment,	 ﾠthe	 ﾠpatient	 ﾠwill	 ﾠwait	 ﾠuntil	 ﾠ
the	 ﾠbooked	 ﾠchair	 ﾠis	 ﾠfree.	 ﾠWhen	 ﾠthe	 ﾠchair	 ﾠis	 ﾠfree	 ﾠa	 ﾠnurse	 ﾠfrom	 ﾠ
that	 ﾠ station	 ﾠ comes	 ﾠ to	 ﾠ the	 ﾠ patient,	 ﾠ verifies	 ﾠt h e 	 ﾠn a me 	 ﾠa n d 	 ﾠ
date	 ﾠof	 ﾠbirth	 ﾠand	 ﾠtakes	 ﾠthe	 ﾠpatient	 ﾠto	 ﾠa	 ﾠtreatment	 ﾠchair.	 ﾠ
Afterwards,	 ﾠthe	 ﾠnurse	 ﾠflushes	 ﾠthe	 ﾠchemotherapy	 ﾠdrug	 ﾠline	 ﾠ
to	 ﾠthe	 ﾠpatient’s	 ﾠbody	 ﾠwhich	 ﾠtakes	 ﾠabout	 ﾠfive	 ﾠminutes	 ﾠand	 ﾠ
sets	 ﾠ up	 ﾠ the	 ﾠ treatment.	 ﾠ Then	 ﾠ the	 ﾠ nurse	 ﾠ leaves	 ﾠ to	 ﾠ serve	 ﾠ
another	 ﾠ patient.	 ﾠ Chemotherapy	 ﾠ treatment	 ﾠ lengths	 ﾠ vary	 ﾠ
from	 ﾠless	 ﾠthan	 ﾠan	 ﾠhour	 ﾠto	 ﾠ10	 ﾠhour	 ﾠinfusions.	 ﾠAt	 ﾠthe	 ﾠend	 ﾠof	 ﾠ
the	 ﾠ treatment,	 ﾠ the	 ﾠ nurse	 ﾠ returns,	 ﾠ removes	 ﾠ the	 ﾠ line	 ﾠ and	 ﾠ
notifies	 ﾠthe	 ﾠpatient	 ﾠabout	 ﾠthe	 ﾠnext	 ﾠappointment	 ﾠdate	 ﾠand	 ﾠ
time	 ﾠ which	 ﾠ also	 ﾠ takes	 ﾠ about	 ﾠ five	 ﾠm i n u t e s . 	 ﾠM o s t 	 ﾠo f 	 ﾠt h e 	 ﾠ
patients	 ﾠ visit	 ﾠ the	 ﾠ clinic	 ﾠ to	 ﾠ take	 ﾠ care	 ﾠ of	 ﾠ their	 ﾠ PICC	 ﾠ line	 ﾠ (a	 ﾠ
peripherally	 ﾠinserted	 ﾠcentral	 ﾠcatheter).	 ﾠA	 ﾠPICC	 ﾠis	 ﾠa	 ﾠline	 ﾠthat	 ﾠ
is	 ﾠused	 ﾠto	 ﾠinject	 ﾠthe	 ﾠpatient	 ﾠwith	 ﾠthe	 ﾠchemical.	 ﾠThis	 ﾠPICC	 ﾠline	 ﾠ
should	 ﾠ be	 ﾠ regularly	 ﾠ cleaned,	 ﾠ flushed	 ﾠ to	 ﾠ maintain	 ﾠ patency	 ﾠ
and	 ﾠthe	 ﾠinsertion	 ﾠsite	 ﾠchecked	 ﾠfor	 ﾠsigns	 ﾠof	 ﾠinfection.	 ﾠIt	 ﾠtakes	 ﾠ
approximately	 ﾠ10–15	 ﾠminutes	 ﾠto	 ﾠtake	 ﾠcare	 ﾠof	 ﾠa	 ﾠPICC	 ﾠline	 ﾠby	 ﾠ
a	 ﾠnurse.	 ﾠ
Cancer	 ﾠ Care	 ﾠ Manitoba	 ﾠ provided	 ﾠa c c e s s 	 ﾠt o 	 ﾠt h e 	 ﾠe l e c t r o n i c 	 ﾠ
scheduling	 ﾠ system,	 ﾠ also	 ﾠ known	 ﾠ as	 ﾠ “ARIA”	 ﾠ which	 ﾠ is	 ﾠ
comprehensive	 ﾠinformation	 ﾠand	 ﾠimage	 ﾠmanagement	 ﾠsystem	 ﾠ
that	 ﾠaggregates	 ﾠpatient	 ﾠdata	 ﾠinto	 ﾠa	 ﾠfully-ﾭ‐electronic	 ﾠmedical	 ﾠ
chart,	 ﾠprovided	 ﾠby	 ﾠVARIAN	 ﾠMedical	 ﾠSystem.	 ﾠThis	 ﾠsystem	 ﾠwas	 ﾠ
used	 ﾠto	 ﾠfind	 ﾠout	 ﾠhow	 ﾠmany	 ﾠpatients	 ﾠare	 ﾠbooked	 ﾠin	 ﾠevery	 ﾠ
clinic	 ﾠday.	 ﾠIt	 ﾠalso	 ﾠreveals	 ﾠwhich	 ﾠchair	 ﾠis	 ﾠused	 ﾠfor	 ﾠhow	 ﾠmany	 ﾠ
hours.	 ﾠIt	 ﾠwas	 ﾠnecessary	 ﾠto	 ﾠsearch	 ﾠa	 ﾠpatient’s	 ﾠhistory	 ﾠto	 ﾠfind	 ﾠ	 ﾠ
out	 ﾠhow	 ﾠlong	 ﾠthe	 ﾠpatient	 ﾠspends	 ﾠon	 ﾠwhich	 ﾠchair.	 ﾠCollecting	 ﾠ	 ﾠAustralasian	 ﾠMedical	 ﾠJournal	 ﾠ[AMJ	 ﾠ2011,	 ﾠ4,	 ﾠ10,	 ﾠ575-ﾭ‐588]	 ﾠ
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 ﾠ
the	 ﾠsnapshot	 ﾠof	 ﾠeach	 ﾠpatient	 ﾠgives	 ﾠthe	 ﾠcomplete	 ﾠpicture	 ﾠof	 ﾠa	 ﾠ
one	 ﾠday	 ﾠclinic	 ﾠschedule.	 ﾠ	 ﾠ
The	 ﾠ treatment	 ﾠ room	 ﾠ consists	 ﾠ of	 ﾠ the	 ﾠ following	 ﾠ two	 ﾠ main	 ﾠ
limited	 ﾠresources:	 ﾠ
i)  Treatment	 ﾠ Chairs:	 ﾠ Chairs	 ﾠ that	 ﾠ are	 ﾠ used	 ﾠ to	 ﾠ seat	 ﾠ the	 ﾠ
patients	 ﾠduring	 ﾠthe	 ﾠtreatment.	 ﾠ	 ﾠ
ii)  Nurses:	 ﾠNurses	 ﾠare	 ﾠrequired	 ﾠto	 ﾠinject	 ﾠthe	 ﾠtreatment	 ﾠline	 ﾠ
into	 ﾠ the	 ﾠp a t i e n t 	 ﾠa n d 	 ﾠr e m o v e 	 ﾠi t 	 ﾠa t 	 ﾠt h e 	 ﾠe n d 	 ﾠo f 	 ﾠt h e 	 ﾠ
treatment.	 ﾠThey	 ﾠalso	 ﾠtake	 ﾠcare	 ﾠof	 ﾠthe	 ﾠpatients	 ﾠwhen	 ﾠthey	 ﾠ
feel	 ﾠuncomfortable.	 ﾠ
Mc	 ﾠCharles	 ﾠChemotherapy	 ﾠunit	 ﾠconsists	 ﾠof	 ﾠ11	 ﾠnurses,	 ﾠand	 ﾠ5	 ﾠ
stations	 ﾠwith	 ﾠthe	 ﾠfollowing	 ﾠdescription:	 ﾠ
i)  Station	 ﾠ1:	 ﾠStation	 ﾠ1	 ﾠhas	 ﾠsix	 ﾠchairs	 ﾠ(numbered	 ﾠ1	 ﾠto	 ﾠ6)	 ﾠand	 ﾠ
two	 ﾠnurses.	 ﾠThe	 ﾠtwo	 ﾠnurses	 ﾠwork	 ﾠfrom	 ﾠ8:00	 ﾠto	 ﾠ16:00.	 ﾠ
ii)  Station	 ﾠ2:	 ﾠStation	 ﾠ2	 ﾠhas	 ﾠsix	 ﾠchairs	 ﾠ(7	 ﾠto	 ﾠ12)	 ﾠand	 ﾠthree	 ﾠ
nurses.	 ﾠTwo	 ﾠnurses	 ﾠwork	 ﾠfrom	 ﾠ8:00	 ﾠto	 ﾠ16:00	 ﾠand	 ﾠone	 ﾠ
nurse	 ﾠworks	 ﾠfrom	 ﾠ12:00	 ﾠto	 ﾠ20:00.	 ﾠ
iii) Station	 ﾠ3:	 ﾠStation	 ﾠ4	 ﾠhas	 ﾠsix	 ﾠchairs	 ﾠ(13	 ﾠto	 ﾠ18)	 ﾠand	 ﾠtwo	 ﾠ
nurses.	 ﾠThe	 ﾠtwo	 ﾠnurses	 ﾠwork	 ﾠfrom	 ﾠ8:00	 ﾠto	 ﾠ16:00.	 ﾠ
iv) Station	 ﾠ4:	 ﾠStation	 ﾠ4	 ﾠhas	 ﾠsix	 ﾠchairs	 ﾠ(19	 ﾠto	 ﾠ24)	 ﾠand	 ﾠthree	 ﾠ
nurses.	 ﾠOne	 ﾠnurse	 ﾠworks	 ﾠfrom	 ﾠ8:00	 ﾠto	 ﾠ16:00.	 ﾠAnother	 ﾠ
nurse	 ﾠworks	 ﾠfrom	 ﾠ10:00	 ﾠto	 ﾠ18:00.	 ﾠ
v)  Solarium	 ﾠ Station:	 ﾠ Solarium	 ﾠ Station	 ﾠ has	 ﾠ six	 ﾠ chairs	 ﾠ
(Solarium	 ﾠ Stretcher	 ﾠ 1,	 ﾠ Solarium	 ﾠ Stretcher	 ﾠ 2,	 ﾠ Isolation,	 ﾠ
Isolation	 ﾠemergency,	 ﾠFire	 ﾠPlace	 ﾠ1,	 ﾠFire	 ﾠPlace	 ﾠ2).	 ﾠThere	 ﾠis	 ﾠ
only	 ﾠone	 ﾠnurse	 ﾠassigned	 ﾠto	 ﾠthis	 ﾠstation	 ﾠthat	 ﾠworks	 ﾠfrom	 ﾠ
12:00	 ﾠto	 ﾠ20:00.	 ﾠThe	 ﾠnurses	 ﾠfrom	 ﾠother	 ﾠstations	 ﾠcan	 ﾠhelp	 ﾠ
when	 ﾠneed	 ﾠarises.	 ﾠ
	 ﾠ
There	 ﾠis	 ﾠone	 ﾠmore	 ﾠnurse	 ﾠknown	 ﾠas	 ﾠthe	 ﾠ“float	 ﾠnurse”	 ﾠwho	 ﾠ
works	 ﾠ from	 ﾠ 11:00	 ﾠ to	 ﾠ 19:00.	 ﾠ This	 ﾠ nurse	 ﾠ can	 ﾠ work	 ﾠ at	 ﾠ any	 ﾠ
station.	 ﾠ Table	 ﾠ 1	 ﾠ summarises	 ﾠ the	 ﾠ working	 ﾠ hours	 ﾠ of	 ﾠ chairs	 ﾠ
and	 ﾠ nurses.	 ﾠ All	 ﾠ treatment	 ﾠ stations	 ﾠ start	 ﾠa t 	 ﾠ8 : 0 0 	 ﾠa n d 	 ﾠ
continue	 ﾠu n t i l 	 ﾠt h e 	 ﾠa s s i g n e d 	 ﾠn u r s e 	 ﾠf o r 	 ﾠt h a t 	 ﾠs t a t i o n 	 ﾠ
completes	 ﾠher	 ﾠshift.	 ﾠ
	 ﾠ
Currently,	 ﾠthe	 ﾠclinic	 ﾠuses	 ﾠa	 ﾠscheduling	 ﾠtemplate	 ﾠto	 ﾠassign	 ﾠthe	 ﾠ
patients’	 ﾠappointments.	 ﾠBut	 ﾠdue	 ﾠto	 ﾠhigh	 ﾠdemand	 ﾠof	 ﾠpatient	 ﾠ
appointment	 ﾠit	 ﾠis	 ﾠnot	 ﾠfollowed	 ﾠany	 ﾠmore.	 ﾠWe	 ﾠbelieve	 ﾠthat	 ﾠ
this	 ﾠtemplate	 ﾠcan	 ﾠbe	 ﾠimproved	 ﾠbased	 ﾠon	 ﾠthe	 ﾠavailability	 ﾠof	 ﾠ
nurses	 ﾠ and	 ﾠ chairs.	 ﾠ Clinic	 ﾠ workload	 ﾠ was	 ﾠ collected	 ﾠ from	 ﾠ 21	 ﾠ
days	 ﾠof	 ﾠfield	 ﾠobservation.	 ﾠThe	 ﾠcurrent	 ﾠscheduling	 ﾠtemplate	 ﾠ
has	 ﾠ10	 ﾠtypes	 ﾠof	 ﾠappointment	 ﾠtime	 ﾠslot:	 ﾠ15-ﾭ‐minute,	 ﾠ1-ﾭ‐hour,	 ﾠ
1.5-ﾭ‐hour,	 ﾠ 2-ﾭ‐hour,	 ﾠ 3-ﾭ‐hour,	 ﾠ 4-ﾭ‐hour,	 ﾠ 5-ﾭ‐hour,	 ﾠ 6-ﾭ‐hour,	 ﾠ 8-ﾭ‐hour	 ﾠ
and	 ﾠ 10-ﾭ‐hour	 ﾠ and	 ﾠ it	 ﾠ is	 ﾠ designed	 ﾠ to	 ﾠ serve	 ﾠ 95	 ﾠ patients.	 ﾠ But	 ﾠ
when	 ﾠthe	 ﾠscheduling	 ﾠtemplate	 ﾠwas	 ﾠcompared	 ﾠwith	 ﾠthe	 ﾠ21	 ﾠ
days	 ﾠ observations,	 ﾠ it	 ﾠ was	 ﾠ found	 ﾠ that	 ﾠ the	 ﾠ clinic	 ﾠ is	 ﾠ serving	 ﾠ
more	 ﾠ patients	 ﾠ than	 ﾠ it	 ﾠ is	 ﾠ designed	 ﾠ for.	 ﾠ Therefore,	 ﾠ the	 ﾠ
providers	 ﾠ do	 ﾠ not	 ﾠ usually	 ﾠ follow	 ﾠ the	 ﾠ scheduling	 ﾠ template.	 ﾠ
Indeed	 ﾠt h e y 	 ﾠv e r y 	 ﾠ often	 ﾠ break	 ﾠ the	 ﾠ time	 ﾠ slots	 ﾠ to	 ﾠ
accommodate	 ﾠ slots	 ﾠ that	 ﾠ do	 ﾠn o t 	 ﾠe x i s t 	 ﾠi n 	 ﾠt h e 	 ﾠt e m p l a t e . 	 ﾠ
Hence,	 ﾠ we	 ﾠ find	 ﾠ that	 ﾠ some	 ﾠ of	 ﾠ the	 ﾠ stations	 ﾠ are	 ﾠ very	 ﾠ busy	 ﾠ
(mostly	 ﾠ station	 ﾠ 2)	 ﾠ and	 ﾠ others	 ﾠ are	 ﾠ underused.	 ﾠ If	 ﾠ the	 ﾠ
scheduling	 ﾠtemplate	 ﾠcan	 ﾠbe	 ﾠimproved,	 ﾠit	 ﾠwill	 ﾠbe	 ﾠpossible	 ﾠto	 ﾠ
bring	 ﾠmore	 ﾠpatients	 ﾠto	 ﾠthe	 ﾠclinic	 ﾠand	 ﾠreduce	 ﾠtheir	 ﾠwaiting	 ﾠ
time	 ﾠwithout	 ﾠadding	 ﾠmore	 ﾠresources.	 ﾠ	 ﾠ
In	 ﾠ order	 ﾠ to	 ﾠ build	 ﾠ or	 ﾠ develop	 ﾠ a	 ﾠ simulation	 ﾠ model	 ﾠ of	 ﾠ the	 ﾠ
existing	 ﾠsystem,	 ﾠit	 ﾠis	 ﾠnecessary	 ﾠto	 ﾠcollect	 ﾠthe	 ﾠfollowing	 ﾠdata:	 ﾠ
i)  Types	 ﾠof	 ﾠtreatment	 ﾠdurations.	 ﾠ
ii)  Numbers	 ﾠof	 ﾠpatients	 ﾠin	 ﾠeach	 ﾠtreatment	 ﾠtype.	 ﾠ
iii) Arrival	 ﾠpattern	 ﾠof	 ﾠthe	 ﾠpatients.	 ﾠ
iv) Steps	 ﾠ that	 ﾠ the	 ﾠ patients	 ﾠ have	 ﾠ to	 ﾠ go	 ﾠ through	 ﾠ in	 ﾠ their	 ﾠ
treatment	 ﾠjourney	 ﾠand	 ﾠrequired	 ﾠtime	 ﾠof	 ﾠeach	 ﾠstep.	 ﾠ
	 ﾠ
Using	 ﾠthe	 ﾠobservations	 ﾠof	 ﾠ2,155	 ﾠpatients	 ﾠover	 ﾠ21	 ﾠdays	 ﾠof	 ﾠ
historical	 ﾠ data,	 ﾠ the	 ﾠ types	 ﾠ of	 ﾠ treatment	 ﾠ durations	 ﾠ and	 ﾠ the	 ﾠ
number	 ﾠof	 ﾠpatients	 ﾠin	 ﾠeach	 ﾠtype	 ﾠwere	 ﾠestimated.	 ﾠThis	 ﾠdata	 ﾠ
also	 ﾠ assisted	 ﾠ in	 ﾠ determining	 ﾠ the	 ﾠ arrival	 ﾠ rate	 ﾠ and	 ﾠ the	 ﾠ
frequency	 ﾠ distribution	 ﾠ of	 ﾠ the	 ﾠ patients.	 ﾠ The	 ﾠ patients	 ﾠ were	 ﾠ
categorised	 ﾠinto	 ﾠsix	 ﾠtypes.	 ﾠThe	 ﾠpercentage	 ﾠof	 ﾠthese	 ﾠtypes	 ﾠ
and	 ﾠ their	 ﾠ associated	 ﾠ service	 ﾠ times	 ﾠ distributions	 ﾠ are	 ﾠ
determined	 ﾠtoo.	 ﾠ	 ﾠ
	 ﾠ
ARENA	 ﾠ Rockwell	 ﾠ Simulation	 ﾠ Software	 ﾠ (v13)	 ﾠ was	 ﾠ used	 ﾠ to	 ﾠ
build	 ﾠ the	 ﾠ simulation	 ﾠ model.	 ﾠ Entities	 ﾠ of	 ﾠ the	 ﾠ model	 ﾠ were	 ﾠ
tracked	 ﾠto	 ﾠverify	 ﾠthat	 ﾠthe	 ﾠpatients	 ﾠmove	 ﾠas	 ﾠintended.	 ﾠThe	 ﾠ
model	 ﾠwas	 ﾠrun	 ﾠfor	 ﾠ30	 ﾠreplications	 ﾠand	 ﾠstatistical	 ﾠdata	 ﾠwas	 ﾠ
collected	 ﾠ to	 ﾠ validate	 ﾠ the	 ﾠ model.	 ﾠ The	 ﾠ total	 ﾠ number	 ﾠ of	 ﾠ
patients	 ﾠthat	 ﾠgo	 ﾠthough	 ﾠthe	 ﾠmodel	 ﾠwas	 ﾠcompared	 ﾠwith	 ﾠthe	 ﾠ
actual	 ﾠ number	 ﾠ of	 ﾠ served	 ﾠ patients	 ﾠ during	 ﾠ the	 ﾠ 21	 ﾠ days	 ﾠ of	 ﾠ
observations.	 ﾠ
	 ﾠ
3.	 ﾠImprovement	 ﾠScenarios	 ﾠ
After	 ﾠ verifying	 ﾠ and	 ﾠ validating	 ﾠ the	 ﾠ simulation	 ﾠ model,	 ﾠ
different	 ﾠscenarios	 ﾠwere	 ﾠdesigned	 ﾠand	 ﾠanalysed	 ﾠto	 ﾠidentify	 ﾠ
the	 ﾠ best	 ﾠ scenario	 ﾠ that	 ﾠ can	 ﾠ handle	 ﾠ more	 ﾠ patients	 ﾠ and	 ﾠ
reduces	 ﾠthe	 ﾠaverage	 ﾠpatient’s	 ﾠwaiting	 ﾠtime.	 ﾠBased	 ﾠon	 ﾠthe	 ﾠ	 ﾠAustralasian	 ﾠMedical	 ﾠJournal	 ﾠ[AMJ	 ﾠ2011,	 ﾠ4,	 ﾠ10,	 ﾠ575-ﾭ‐588]	 ﾠ
	 ﾠ
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clinic	 ﾠ observation	 ﾠ and	 ﾠ discussion	 ﾠ with	 ﾠ the	 ﾠ healthcare	 ﾠ
providers,	 ﾠthe	 ﾠfollowing	 ﾠconstraints	 ﾠhave	 ﾠbeen	 ﾠstated:	 ﾠ	 ﾠ
i)  The	 ﾠ stations	 ﾠ are	 ﾠ filled	 ﾠ up	 ﾠ with	 ﾠ treatment	 ﾠ chairs.	 ﾠ
Therefore,	 ﾠit	 ﾠis	 ﾠliterally	 ﾠimpossible	 ﾠto	 ﾠfit	 ﾠany	 ﾠmore	 ﾠchairs	 ﾠ
in	 ﾠ the	 ﾠ clinic.	 ﾠ Moreover,	 ﾠ the	 ﾠ stakeholders	 ﾠ are	 ﾠ not	 ﾠ
interested	 ﾠin	 ﾠadding	 ﾠextra	 ﾠchairs.	 ﾠ
ii)  The	 ﾠstakeholders	 ﾠand	 ﾠthe	 ﾠcaregivers	 ﾠare	 ﾠnot	 ﾠinterested	 ﾠ
in	 ﾠchanging	 ﾠthe	 ﾠlayout	 ﾠof	 ﾠthe	 ﾠtreatment	 ﾠroom.	 ﾠ
Given	 ﾠthese	 ﾠconstraints	 ﾠthe	 ﾠoptions	 ﾠthat	 ﾠcan	 ﾠbe	 ﾠconsidered	 ﾠ
to	 ﾠdesign	 ﾠalternative	 ﾠscenarios	 ﾠare:	 ﾠ
i)  Changing	 ﾠthe	 ﾠarrival	 ﾠpattern	 ﾠof	 ﾠthe	 ﾠpatients:	 ﾠthat	 ﾠwill	 ﾠfit	 ﾠ
over	 ﾠthe	 ﾠnurses’	 ﾠavailability.	 ﾠ
ii)  Changing	 ﾠthe	 ﾠnurses’	 ﾠschedule.	 ﾠ
iii) Adding	 ﾠone	 ﾠfull	 ﾠtime	 ﾠnurse	 ﾠat	 ﾠdifferent	 ﾠstarting	 ﾠtimes	 ﾠof	 ﾠ
the	 ﾠday.	 ﾠ
Figure	 ﾠ2	 ﾠcompares	 ﾠthe	 ﾠavailable	 ﾠnumber	 ﾠof	 ﾠnurses	 ﾠand	 ﾠthe	 ﾠ
number	 ﾠof	 ﾠpatients’	 ﾠarrival	 ﾠduring	 ﾠdifferent	 ﾠhours	 ﾠof	 ﾠa	 ﾠday.	 ﾠ
It	 ﾠcan	 ﾠbe	 ﾠnoticed	 ﾠthat	 ﾠthere	 ﾠis	 ﾠa	 ﾠrapid	 ﾠgrowth	 ﾠin	 ﾠthe	 ﾠarrival	 ﾠ
of	 ﾠ patients	 ﾠ (from	 ﾠ 13	 ﾠ to	 ﾠ 17)	 ﾠ between	 ﾠ 8:00	 ﾠ to	 ﾠ 10:00	 ﾠ even	 ﾠ
though	 ﾠthe	 ﾠclinic	 ﾠhas	 ﾠthe	 ﾠequal	 ﾠnumber	 ﾠof	 ﾠnurses	 ﾠduring	 ﾠthis	 ﾠ
time	 ﾠ period.	 ﾠ At	 ﾠ 12:00	 ﾠ there	 ﾠ is	 ﾠ a	 ﾠ sudden	 ﾠ drop	 ﾠ of	 ﾠ patient	 ﾠ
arrival	 ﾠeven	 ﾠthough	 ﾠthere	 ﾠare	 ﾠmore	 ﾠavailable	 ﾠnurses.	 ﾠIt	 ﾠis	 ﾠ
clear	 ﾠthat	 ﾠthere	 ﾠis	 ﾠan	 ﾠimbalance	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠavailable	 ﾠ
nurses	 ﾠ and	 ﾠ the	 ﾠ number	 ﾠ of	 ﾠ patient	 ﾠ arrivals	 ﾠ over	 ﾠ different	 ﾠ
hours	 ﾠ of	 ﾠ the	 ﾠ day.	 ﾠ Consequently,	 ﾠ balancing	 ﾠ the	 ﾠ demand	 ﾠ
(arrival	 ﾠrate	 ﾠof	 ﾠpatients)	 ﾠand	 ﾠresources	 ﾠ(available	 ﾠnumber	 ﾠof	 ﾠ
nurses)	 ﾠwill	 ﾠreduce	 ﾠthe	 ﾠpatients’	 ﾠwaiting	 ﾠtime	 ﾠand	 ﾠincreases	 ﾠ
the	 ﾠ number	 ﾠ of	 ﾠ served	 ﾠ patients.	 ﾠ The	 ﾠ alternative	 ﾠ scenarios	 ﾠ
that	 ﾠsatisfy	 ﾠthe	 ﾠabove	 ﾠthree	 ﾠconstraints	 ﾠare	 ﾠlisted	 ﾠin	 ﾠTable	 ﾠ2.	 ﾠ
These	 ﾠscenarios	 ﾠrespect	 ﾠthe	 ﾠfollowing	 ﾠrules:	 ﾠ
i)  Long	 ﾠ treatments	 ﾠ (between	 ﾠ 4hr	 ﾠ to	 ﾠ 11hr)	 ﾠ have	 ﾠ to	 ﾠ be	 ﾠ
scheduled	 ﾠ early	 ﾠ in	 ﾠ the	 ﾠ morning	 ﾠ to	 ﾠ avoid	 ﾠ working	 ﾠ
overtime.	 ﾠ
ii)  Patients	 ﾠof	 ﾠtype	 ﾠ1	 ﾠ(15	 ﾠminutes	 ﾠto	 ﾠ1hr	 ﾠtreatment)	 ﾠare	 ﾠthe	 ﾠ
most	 ﾠcommon.	 ﾠThey	 ﾠcan	 ﾠbe	 ﾠfitted	 ﾠin	 ﾠat	 ﾠany	 ﾠtime	 ﾠof	 ﾠthe	 ﾠ
day	 ﾠbecause	 ﾠthey	 ﾠtake	 ﾠshort	 ﾠtreatment	 ﾠtime.	 ﾠHence,	 ﾠit	 ﾠ
is	 ﾠ recommended	 ﾠ to	 ﾠ bring	 ﾠ these	 ﾠ patients	 ﾠ in	 ﾠ at	 ﾠ the	 ﾠ
middle	 ﾠof	 ﾠthe	 ﾠday	 ﾠwhen	 ﾠthere	 ﾠare	 ﾠmore	 ﾠnurses.	 ﾠ
iii)  Nurses	 ﾠget	 ﾠtired	 ﾠat	 ﾠthe	 ﾠend	 ﾠof	 ﾠthe	 ﾠclinic	 ﾠday.	 ﾠTherefore,	 ﾠ
fewer	 ﾠpatients	 ﾠshould	 ﾠbe	 ﾠscheduled	 ﾠat	 ﾠthe	 ﾠlate	 ﾠhours	 ﾠof	 ﾠ
the	 ﾠday.	 ﾠ	 ﾠ
In	 ﾠScenario	 ﾠ1,	 ﾠthe	 ﾠarrival	 ﾠpattern	 ﾠof	 ﾠthe	 ﾠpatient	 ﾠwas	 ﾠchanged	 ﾠ
so	 ﾠthat	 ﾠit	 ﾠcan	 ﾠfit	 ﾠwith	 ﾠthe	 ﾠnurse	 ﾠschedule.	 ﾠThis	 ﾠarrival	 ﾠpattern	 ﾠ
is	 ﾠshown	 ﾠTable	 ﾠ3.	 ﾠFigure	 ﾠ3	 ﾠshows	 ﾠthe	 ﾠnew	 ﾠpatients’	 ﾠarrival	 ﾠ
pattern	 ﾠcompared	 ﾠwith	 ﾠthe	 ﾠcurrent	 ﾠarrival	 ﾠpattern.	 ﾠSimilar	 ﾠ
patterns	 ﾠcan	 ﾠbe	 ﾠdeveloped	 ﾠfor	 ﾠthe	 ﾠremaining	 ﾠscenarios	 ﾠtoo.	 ﾠ	 ﾠ
4.	 ﾠAnalysis	 ﾠof	 ﾠResults	 ﾠ
ARENA	 ﾠ Rockwell	 ﾠ Simulation	 ﾠ software	 ﾠ (v13)	 ﾠ was	 ﾠ used	 ﾠ to	 ﾠ
develop	 ﾠthe	 ﾠsimulation	 ﾠmodel.	 ﾠThere	 ﾠis	 ﾠno	 ﾠwarm-ﾭ‐up	 ﾠperiod	 ﾠ
because	 ﾠ the	 ﾠ model	 ﾠ simulates	 ﾠ day-ﾭ‐to-ﾭ‐day	 ﾠ scenarios.	 ﾠ The	 ﾠ
patients	 ﾠof	 ﾠany	 ﾠday	 ﾠare	 ﾠsupposed	 ﾠto	 ﾠbe	 ﾠserved	 ﾠin	 ﾠthe	 ﾠsame	 ﾠ
day.	 ﾠ The	 ﾠ model	 ﾠ was	 ﾠ run	 ﾠ for	 ﾠ 30	 ﾠ days	 ﾠ (replications)	 ﾠ and	 ﾠ
statistical	 ﾠ data	 ﾠ was	 ﾠ collected	 ﾠ to	 ﾠ evaluate	 ﾠ each	 ﾠ scenario.	 ﾠ
Tables	 ﾠ4	 ﾠand	 ﾠ5	 ﾠshow	 ﾠthe	 ﾠdetailed	 ﾠcomparison	 ﾠof	 ﾠthe	 ﾠsystem	 ﾠ
performance	 ﾠbetween	 ﾠthe	 ﾠcurrent	 ﾠscenario	 ﾠand	 ﾠScenario	 ﾠ1.	 ﾠ
The	 ﾠresults	 ﾠare	 ﾠquite	 ﾠinteresting.	 ﾠThe	 ﾠaverage	 ﾠthroughput	 ﾠ
rate	 ﾠof	 ﾠthe	 ﾠsystem	 ﾠhas	 ﾠincreased	 ﾠfrom	 ﾠ103	 ﾠto	 ﾠ125	 ﾠpatients	 ﾠ
per	 ﾠ day.	 ﾠ The	 ﾠ maximum	 ﾠ throughput	 ﾠ rate	 ﾠ can	 ﾠ reach	 ﾠ 135	 ﾠ
patients.	 ﾠAlthough	 ﾠthe	 ﾠaverage	 ﾠwaiting	 ﾠtime	 ﾠhas	 ﾠincreased,	 ﾠ
the	 ﾠ utilisation	 ﾠ of	 ﾠ the	 ﾠ treatment	 ﾠ station	 ﾠ has	 ﾠ increased	 ﾠ by	 ﾠ
15.6%.	 ﾠSimilar	 ﾠanalysis	 ﾠhas	 ﾠbeen	 ﾠperformed	 ﾠfor	 ﾠthe	 ﾠrest	 ﾠof	 ﾠ
the	 ﾠother	 ﾠscenarios.	 ﾠDue	 ﾠto	 ﾠthe	 ﾠspace	 ﾠlimitation	 ﾠthe	 ﾠdetailed	 ﾠ
results	 ﾠare	 ﾠnot	 ﾠgiven.	 ﾠHowever,	 ﾠTable	 ﾠ6	 ﾠexhibits	 ﾠa	 ﾠsummary	 ﾠ
of	 ﾠ the	 ﾠ results	 ﾠ and	 ﾠ comparison	 ﾠ between	 ﾠ the	 ﾠ different	 ﾠ
scenarios.	 ﾠScenario	 ﾠ1	 ﾠwas	 ﾠable	 ﾠto	 ﾠsignificantly	 ﾠincrease	 ﾠthe	 ﾠ
throughput	 ﾠof	 ﾠthe	 ﾠsystem	 ﾠ(by	 ﾠ21%)	 ﾠwhile	 ﾠit	 ﾠstill	 ﾠresults	 ﾠin	 ﾠan	 ﾠ
acceptable	 ﾠ low	 ﾠ average	 ﾠ waiting	 ﾠ time	 ﾠ (13.4	 ﾠ minutes).	 ﾠ In	 ﾠ
addition,	 ﾠit	 ﾠis	 ﾠworth	 ﾠnoting	 ﾠthat	 ﾠadding	 ﾠa	 ﾠnurse	 ﾠ(Scenarios	 ﾠ3,	 ﾠ
4,	 ﾠand	 ﾠ5)	 ﾠdoes	 ﾠnot	 ﾠsignificantly	 ﾠreduce	 ﾠthe	 ﾠaverage	 ﾠwait	 ﾠtime	 ﾠ
or	 ﾠincrease	 ﾠthe	 ﾠsystem’s	 ﾠthroughput.	 ﾠThe	 ﾠreason	 ﾠbehind	 ﾠthis	 ﾠ
is	 ﾠthat	 ﾠwhen	 ﾠall	 ﾠthe	 ﾠchairs	 ﾠare	 ﾠbusy,	 ﾠthe	 ﾠnurses	 ﾠhave	 ﾠto	 ﾠwait	 ﾠ
until	 ﾠsome	 ﾠpatients	 ﾠfinish	 ﾠthe	 ﾠtreatment.	 ﾠAs	 ﾠa	 ﾠconsequence,	 ﾠ
the	 ﾠother	 ﾠpatients	 ﾠhave	 ﾠto	 ﾠwait	 ﾠfor	 ﾠthe	 ﾠcommencement	 ﾠof	 ﾠ
their	 ﾠ treatment	 ﾠ too.	 ﾠ Therefore,	 ﾠ hiring	 ﾠ a	 ﾠ nurse,	 ﾠ without	 ﾠ
adding	 ﾠ more	 ﾠ chairs,	 ﾠ will	 ﾠ not	 ﾠ reduce	 ﾠ the	 ﾠ waiting	 ﾠ time	 ﾠ or	 ﾠ
increase	 ﾠthe	 ﾠthroughput	 ﾠof	 ﾠthe	 ﾠsystem.	 ﾠIn	 ﾠthis	 ﾠcase,	 ﾠthe	 ﾠonly	 ﾠ
way	 ﾠto	 ﾠincrease	 ﾠthe	 ﾠthroughput	 ﾠof	 ﾠthe	 ﾠsystem	 ﾠis	 ﾠby	 ﾠadjusting	 ﾠ
the	 ﾠarrival	 ﾠpattern	 ﾠof	 ﾠpatients	 ﾠover	 ﾠthe	 ﾠnurses’	 ﾠschedule.	 ﾠ
	 ﾠ
5.	 ﾠDeveloping	 ﾠa	 ﾠScheduling	 ﾠTemplate	 ﾠbased	 ﾠon	 ﾠScenario	 ﾠ1	 ﾠ
Scenario	 ﾠ 1	 ﾠ provides	 ﾠ the	 ﾠ best	 ﾠ performance.	 ﾠ However	 ﾠ a	 ﾠ
scheduling	 ﾠtemplate	 ﾠis	 ﾠnecessary	 ﾠfor	 ﾠthe	 ﾠcare	 ﾠprovider	 ﾠto	 ﾠ
book	 ﾠthe	 ﾠpatients.	 ﾠTherefore,	 ﾠa	 ﾠbrief	 ﾠdescription	 ﾠis	 ﾠprovided	 ﾠ
below	 ﾠon	 ﾠhow	 ﾠscheduling	 ﾠthe	 ﾠtemplate	 ﾠis	 ﾠdeveloped	 ﾠbased	 ﾠ
on	 ﾠthis	 ﾠscenario.	 ﾠ
	 ﾠ
Table	 ﾠ 3	 ﾠ gives	 ﾠ the	 ﾠ number	 ﾠ of	 ﾠ patients	 ﾠ that	 ﾠ arrive	 ﾠ hourly,	 ﾠ
following	 ﾠ Scenario	 ﾠ 1.	 ﾠ The	 ﾠ distribution	 ﾠ of	 ﾠ each	 ﾠ type	 ﾠ of	 ﾠ	 ﾠAustralasian	 ﾠMedical	 ﾠJournal	 ﾠ[AMJ	 ﾠ2011,	 ﾠ4,	 ﾠ10,	 ﾠ575-ﾭ‐588]	 ﾠ
	 ﾠ
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 ﾠ
patient	 ﾠis	 ﾠshown	 ﾠin	 ﾠTable	 ﾠ7.	 ﾠThis	 ﾠdistribution	 ﾠis	 ﾠbased	 ﾠon	 ﾠthe	 ﾠ
percentage	 ﾠof	 ﾠeach	 ﾠtype	 ﾠof	 ﾠpatient	 ﾠfrom	 ﾠthe	 ﾠcollected	 ﾠdata.	 ﾠ
For	 ﾠexample,	 ﾠin	 ﾠbetween	 ﾠ8:00-ﾭ‐9:00,	 ﾠ12	 ﾠpatients	 ﾠwill	 ﾠcome	 ﾠ
where	 ﾠ54.85%	 ﾠare	 ﾠof	 ﾠType	 ﾠ1,	 ﾠ34.55%	 ﾠare	 ﾠof	 ﾠType	 ﾠ2,	 ﾠ15.163%	 ﾠ
are	 ﾠof	 ﾠType	 ﾠ3,	 ﾠ4.32%	 ﾠare	 ﾠof	 ﾠType	 ﾠ4,	 ﾠ2.58%	 ﾠare	 ﾠof	 ﾠType	 ﾠ5	 ﾠand	 ﾠ
the	 ﾠrest	 ﾠare	 ﾠof	 ﾠType	 ﾠ6.	 ﾠIt	 ﾠis	 ﾠworth	 ﾠnoting	 ﾠthat,	 ﾠwe	 ﾠassume	 ﾠ
that	 ﾠ the	 ﾠ patients	 ﾠ of	 ﾠ each	 ﾠ type	 ﾠ arrive	 ﾠ as	 ﾠ a	 ﾠ group	 ﾠ at	 ﾠ the	 ﾠ
beginning	 ﾠof	 ﾠthe	 ﾠhourly	 ﾠtime	 ﾠslot.	 ﾠFor	 ﾠexample,	 ﾠall	 ﾠof	 ﾠthe	 ﾠsix	 ﾠ
patients	 ﾠof	 ﾠType	 ﾠ1	 ﾠfrom	 ﾠ8:00	 ﾠto	 ﾠ9:00	 ﾠtime	 ﾠslot	 ﾠarrive	 ﾠat	 ﾠ8:00.	 ﾠ	 ﾠ
The	 ﾠnumbers	 ﾠof	 ﾠpatients	 ﾠfrom	 ﾠeach	 ﾠtype	 ﾠis	 ﾠdistributed	 ﾠin	 ﾠ
such	 ﾠa	 ﾠway	 ﾠthat	 ﾠit	 ﾠrespects	 ﾠall	 ﾠthe	 ﾠconstraints	 ﾠdescribed	 ﾠin	 ﾠ
Section	 ﾠ1.3.	 ﾠMost	 ﾠof	 ﾠthe	 ﾠpatients	 ﾠof	 ﾠthe	 ﾠclinic	 ﾠare	 ﾠfrom	 ﾠtype	 ﾠ
1,	 ﾠ2	 ﾠand	 ﾠ3	 ﾠand	 ﾠthey	 ﾠtake	 ﾠless	 ﾠamount	 ﾠof	 ﾠtreatment	 ﾠtime	 ﾠ
compared	 ﾠwith	 ﾠthe	 ﾠpatients	 ﾠof	 ﾠother	 ﾠtypes.	 ﾠTherefore,	 ﾠthey	 ﾠ
are	 ﾠdistributed	 ﾠall	 ﾠover	 ﾠthe	 ﾠday.	 ﾠPatients	 ﾠof	 ﾠtype	 ﾠ4,	 ﾠ5	 ﾠand	 ﾠ6	 ﾠ
take	 ﾠa	 ﾠlonger	 ﾠtreatment	 ﾠtime.	 ﾠHence,	 ﾠthey	 ﾠare	 ﾠscheduled	 ﾠat	 ﾠ
the	 ﾠ beginning	 ﾠ of	 ﾠ the	 ﾠ day	 ﾠ to	 ﾠ avoid	 ﾠ overtime.	 ﾠ Because	 ﾠ
patients	 ﾠof	 ﾠtype	 ﾠ4,	 ﾠ5	 ﾠand	 ﾠ6	 ﾠcome	 ﾠat	 ﾠthe	 ﾠbeginning	 ﾠof	 ﾠthe	 ﾠday,	 ﾠ
most	 ﾠof	 ﾠtype	 ﾠ1	 ﾠand	 ﾠ2	 ﾠpatients	 ﾠcome	 ﾠat	 ﾠmid-ﾭ‐day	 ﾠ(12:00	 ﾠto	 ﾠ
16:00).	 ﾠAnother	 ﾠreason	 ﾠto	 ﾠmake	 ﾠthe	 ﾠtreatment	 ﾠroom	 ﾠmore	 ﾠ
crowded	 ﾠin	 ﾠbetween	 ﾠ12:00	 ﾠto	 ﾠ16:00	 ﾠis	 ﾠbecause	 ﾠthe	 ﾠclinic	 ﾠhas	 ﾠ
the	 ﾠ maximum	 ﾠ number	 ﾠ of	 ﾠ nurses	 ﾠ during	 ﾠ this	 ﾠ time	 ﾠ period.	 ﾠ	 ﾠ
Nurses	 ﾠ become	 ﾠ tired	 ﾠ at	 ﾠ the	 ﾠ end	 ﾠ of	 ﾠ the	 ﾠ clinic	 ﾠ which	 ﾠ is	 ﾠ a	 ﾠ
reason	 ﾠnot	 ﾠto	 ﾠschedule	 ﾠany	 ﾠpatient	 ﾠafter	 ﾠ19:00.	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
Based	 ﾠon	 ﾠthe	 ﾠpatient	 ﾠarrival	 ﾠschedule	 ﾠand	 ﾠnurse	 ﾠavailability	 ﾠ
a	 ﾠ scheduling	 ﾠ template	 ﾠ is	 ﾠ built	 ﾠ and	 ﾠ shown	 ﾠ in	 ﾠ Figure	 ﾠ 4.	 ﾠ In	 ﾠ
order	 ﾠto	 ﾠbuild	 ﾠthe	 ﾠtemplate,	 ﾠif	 ﾠa	 ﾠnurse	 ﾠis	 ﾠavailable	 ﾠand	 ﾠthere	 ﾠ
are	 ﾠ patients	 ﾠ waiting	 ﾠ for	 ﾠ service,	 ﾠ a	 ﾠ priority	 ﾠ list	 ﾠ of	 ﾠ these	 ﾠ
patients	 ﾠ will	 ﾠ be	 ﾠ developed.	 ﾠ They	 ﾠ are	 ﾠ prioritised	 ﾠ in	 ﾠ a	 ﾠ
descending	 ﾠorder	 ﾠbased	 ﾠon	 ﾠtheir	 ﾠestimated	 ﾠslack	 ﾠtime	 ﾠand	 ﾠ
secondarily	 ﾠ based	 ﾠ on	 ﾠ the	 ﾠ shortest	 ﾠ service	 ﾠ time.	 ﾠ The	 ﾠ
secondary	 ﾠrule	 ﾠis	 ﾠused	 ﾠto	 ﾠbreak	 ﾠthe	 ﾠtie	 ﾠif	 ﾠtwo	 ﾠpatients	 ﾠhave	 ﾠ
the	 ﾠ same	 ﾠ slack.	 ﾠ The	 ﾠ slack	 ﾠ time	 ﾠ is	 ﾠ calculated	 ﾠ using	 ﾠ the	 ﾠ
following	 ﾠequation:	 ﾠ
Slack	 ﾠtime	 ﾠ=	 ﾠDue	 ﾠtime-ﾭ‐	 ﾠ(Arrival	 ﾠtime	 ﾠ+	 ﾠTreatment	 ﾠtime)	 ﾠ
Due	 ﾠ time	 ﾠ is	 ﾠ the	 ﾠ clinic	 ﾠ closing	 ﾠ time.	 ﾠ To	 ﾠ explain	 ﾠ how	 ﾠ the	 ﾠ
process	 ﾠworks,	 ﾠassume	 ﾠat	 ﾠhour	 ﾠ8:00	 ﾠ(in	 ﾠbetween	 ﾠ8:00	 ﾠto	 ﾠ
8:15)	 ﾠ two	 ﾠp a t i e n t s 	 ﾠi n 	 ﾠs t a t i o n 	 ﾠ1 	 ﾠ( o n e 	 ﾠ8 -ﾭ‐hour	 ﾠ and	 ﾠ one	 ﾠ 15-ﾭ‐
minute	 ﾠ patient),	 ﾠ two	 ﾠp a t i e n t s 	 ﾠi n 	 ﾠs t a t i o n 	 ﾠ2 	 ﾠ( t w o 	 ﾠ1 2 -ﾭ‐hour	 ﾠ
patients),	 ﾠtwo	 ﾠpatients	 ﾠin	 ﾠstation	 ﾠ3	 ﾠ(one	 ﾠ2-ﾭ‐hour	 ﾠand	 ﾠone	 ﾠ15-ﾭ‐
minute	 ﾠpatient)	 ﾠand	 ﾠone	 ﾠpatient	 ﾠin	 ﾠstation	 ﾠ4	 ﾠ(one	 ﾠ3-ﾭ‐hour	 ﾠ
patient)	 ﾠin	 ﾠtotal	 ﾠseven	 ﾠpatients	 ﾠare	 ﾠscheduled.	 ﾠAccording	 ﾠto	 ﾠ
Figure	 ﾠ2,	 ﾠthere	 ﾠare	 ﾠseven	 ﾠnurses	 ﾠwho	 ﾠare	 ﾠavailable	 ﾠat	 ﾠ8:00	 ﾠ
and	 ﾠit	 ﾠtakes	 ﾠ15	 ﾠminutes	 ﾠto	 ﾠset-ﾭ‐up	 ﾠa	 ﾠpatient.	 ﾠTherefore,	 ﾠit	 ﾠis	 ﾠ
not	 ﾠ possible	 ﾠ to	 ﾠ schedule	 ﾠ more	 ﾠ than	 ﾠ seven	 ﾠp a t i e n t s 	 ﾠi n 	 ﾠ
between	 ﾠ 8:00	 ﾠ to	 ﾠ 8:15	 ﾠ and	 ﾠ the	 ﾠ current	 ﾠ scheduling	 ﾠ is	 ﾠ also	 ﾠ
serving	 ﾠseven	 ﾠpatients	 ﾠby	 ﾠthis	 ﾠtime.	 ﾠThe	 ﾠrest	 ﾠof	 ﾠthe	 ﾠtemplate	 ﾠ
can	 ﾠbe	 ﾠjustified	 ﾠsimilarly.	 ﾠ	 ﾠ
Conclusion	 ﾠ
This	 ﾠstudy	 ﾠwas	 ﾠundertaken	 ﾠto	 ﾠimprove	 ﾠthe	 ﾠperformance	 ﾠof	 ﾠa	 ﾠ
Chemotherapy	 ﾠTreatment	 ﾠUnit	 ﾠby	 ﾠincreasing	 ﾠthe	 ﾠthroughput	 ﾠ
and	 ﾠreducing	 ﾠthe	 ﾠaverage	 ﾠpatient’s	 ﾠwaiting	 ﾠtime.	 ﾠThe	 ﾠmain	 ﾠ
objective	 ﾠwas	 ﾠto	 ﾠbuild	 ﾠan	 ﾠefficient	 ﾠscheduling	 ﾠtemplate.	 ﾠIn	 ﾠ
order	 ﾠto	 ﾠachieve	 ﾠthis	 ﾠobjective,	 ﾠthe	 ﾠfacility	 ﾠwas	 ﾠstudied	 ﾠto	 ﾠ
understand	 ﾠ the	 ﾠ journey	 ﾠ of	 ﾠ the	 ﾠ patients	 ﾠ through	 ﾠ different	 ﾠ
stages	 ﾠ of	 ﾠ their	 ﾠ treatment.	 ﾠ Secondly,	 ﾠi m p o r t a n t 	 ﾠd a t a 	 ﾠw a s 	 ﾠ
collected	 ﾠregarding	 ﾠthe	 ﾠpatient’s	 ﾠtype,	 ﾠtreatment	 ﾠtime	 ﾠand	 ﾠ
resource	 ﾠ availability.	 ﾠ Finally	 ﾠ a	 ﾠ simulation	 ﾠ model	 ﾠ of	 ﾠ this	 ﾠ
system	 ﾠ was	 ﾠ built.	 ﾠ Different	 ﾠ scenarios	 ﾠ were	 ﾠ designed	 ﾠ and	 ﾠ
evaluated	 ﾠ to	 ﾠ find	 ﾠ the	 ﾠ best	 ﾠ schedule	 ﾠ of	 ﾠ the	 ﾠ patients	 ﾠ and	 ﾠ
nurses.	 ﾠComparing	 ﾠthe	 ﾠscenarios,	 ﾠScenario	 ﾠ1	 ﾠprovides	 ﾠthe	 ﾠ
best	 ﾠ performance.	 ﾠ This	 ﾠ scenario	 ﾠ proves	 ﾠ to	 ﾠ serve	 ﾠ 125	 ﾠ
patients	 ﾠ daily	 ﾠ with	 ﾠ an	 ﾠ average	 ﾠ resources	 ﾠ utilisation	 ﾠ of	 ﾠ
77.6%.	 ﾠOn	 ﾠthe	 ﾠother	 ﾠhand,	 ﾠthe	 ﾠstakeholders	 ﾠdo	 ﾠnot	 ﾠhave	 ﾠto	 ﾠ
hire	 ﾠ additional	 ﾠ nurses	 ﾠ compared	 ﾠ to	 ﾠ other	 ﾠs c e n a r i o s . 	 ﾠA 	 ﾠ
scheduling	 ﾠtemplate	 ﾠhas	 ﾠbeen	 ﾠdeveloped	 ﾠbased	 ﾠon	 ﾠScenario	 ﾠ
1.	 ﾠ
Due	 ﾠ to	 ﾠ the	 ﾠ success	 ﾠ of	 ﾠ implementing	 ﾠ the	 ﾠ template	 ﾠ at	 ﾠ
MacCharles	 ﾠChemotherapy	 ﾠunit,	 ﾠwe	 ﾠare	 ﾠabout	 ﾠto	 ﾠimplement	 ﾠ
a	 ﾠsimilar	 ﾠtemplate	 ﾠat	 ﾠSt	 ﾠBoniface	 ﾠsatellite	 ﾠunit.	 ﾠMoreover,	 ﾠ
we	 ﾠ are	 ﾠ rolling	 ﾠ this	 ﾠ methodology	 ﾠ out	 ﾠ across	 ﾠ the	 ﾠ city	 ﾠ of	 ﾠ
Winnipeg	 ﾠ to	 ﾠ the	 ﾠ Winnipeg	 ﾠ Regional	 ﾠ Health	 ﾠ Authority	 ﾠ
(WRHA)	 ﾠcommunity	 ﾠoncology	 ﾠprogramme	 ﾠsites	 ﾠand	 ﾠto	 ﾠrural	 ﾠ
community	 ﾠcancer	 ﾠprogramme	 ﾠsites	 ﾠtoo.	 ﾠ
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Figures	 ﾠand	 ﾠTables	 ﾠ
Figure	 ﾠ1:	 ﾠFlow	 ﾠof	 ﾠpatients	 ﾠthough	 ﾠthe	 ﾠtreatment	 ﾠroom	 ﾠ
	 ﾠ
 
	 ﾠ
Table	 ﾠ1:	 ﾠAllocation	 ﾠof	 ﾠtreatment	 ﾠchairs	 ﾠand	 ﾠnurses’	 ﾠschedule	 ﾠ	 ﾠ
Station	 ﾠ No	 ﾠof	 ﾠChairs	 ﾠ Regular	 ﾠNurses	 ﾠand	 ﾠWorking	 ﾠHours	 ﾠ Float	 ﾠNurse	 ﾠ
Station	 ﾠ1	 ﾠ 6	 ﾠ Nurse	 ﾠ1:	 ﾠFrom	 ﾠ8:00	 ﾠto	 ﾠ16:00	 ﾠ
Nurse	 ﾠ2:	 ﾠFrom	 ﾠ8:00	 ﾠto	 ﾠ16:00	 ﾠ
Station	 ﾠ2	 ﾠ 6	 ﾠ Nurse	 ﾠ1:	 ﾠFrom	 ﾠ8:00	 ﾠto	 ﾠ16:00	 ﾠ
Nurse	 ﾠ2:	 ﾠFrom	 ﾠ8:00	 ﾠto	 ﾠ16:00	 ﾠ
	 ﾠ	 ﾠNurse	 ﾠ3:	 ﾠFrom	 ﾠ12:00	 ﾠto	 ﾠ20:00	 ﾠ
Station	 ﾠ3	 ﾠ 6	 ﾠ Nurse	 ﾠ1:	 ﾠFrom	 ﾠ8:00	 ﾠto	 ﾠ16:00	 ﾠ
Nurse	 ﾠ2:	 ﾠFrom	 ﾠ8:00	 ﾠto	 ﾠ16:00	 ﾠ
Station	 ﾠ4	 ﾠ 6	 ﾠ Nurse	 ﾠ1:	 ﾠFrom	 ﾠ8:00	 ﾠto	 ﾠ16:00	 ﾠ
	 ﾠNurse	 ﾠ2:	 ﾠFrom	 ﾠ10:00	 ﾠto	 ﾠ18:00	 ﾠ
Solarium	 ﾠStation	 ﾠ	 ﾠ 6	 ﾠ Nurse	 ﾠ1:	 ﾠFrom	 ﾠ12:00	 ﾠto	 ﾠ20:00	 ﾠ
All	 ﾠthe	 ﾠnurses	 ﾠfrom	 ﾠother	 ﾠstation.	 ﾠ
Float	 ﾠnurse	 ﾠworks	 ﾠ
from	 ﾠ11:00	 ﾠto	 ﾠ
19:00	 ﾠ
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Figure	 ﾠ2:	 ﾠComparison	 ﾠbetween	 ﾠnumber	 ﾠof	 ﾠnurses	 ﾠand	 ﾠnumber	 ﾠof	 ﾠpatient	 ﾠarrivals	 ﾠduring	 ﾠdifferent	 ﾠhours	 ﾠof	 ﾠthe	 ﾠ
day.	 ﾠ
 
	 ﾠ
Figure	 ﾠ3:	 ﾠPatients’	 ﾠarrival	 ﾠpattern	 ﾠof	 ﾠScenario	 ﾠ1	 ﾠcompared	 ﾠwith	 ﾠthe	 ﾠcurrent	 ﾠone. 
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Table	 ﾠ2:	 ﾠSuggested	 ﾠimprovement	 ﾠscenarios.	 ﾠ
Scenarios	 ﾠ Changes	 ﾠ
Scenario	 ﾠ1	 ﾠ Change	 ﾠthe	 ﾠarrival	 ﾠpattern	 ﾠof	 ﾠthe	 ﾠpatient	 ﾠto	 ﾠfit	 ﾠthe	 ﾠcurrent	 ﾠnurse	 ﾠschedule.	 ﾠ
Scenario	 ﾠ2	 ﾠ Reschedule	 ﾠthe	 ﾠFloat	 ﾠnurse	 ﾠschedule	 ﾠto	 ﾠ10:00-ﾭ‐18:00	 ﾠinstead	 ﾠof	 ﾠ11:00	 ﾠ–	 ﾠ19:00	 ﾠ	 ﾠ
Scenario	 ﾠ2.2	 ﾠ Reschedule	 ﾠthe	 ﾠFloat	 ﾠnurse	 ﾠschedule	 ﾠto	 ﾠ10:00-ﾭ‐18:00	 ﾠinstead	 ﾠof	 ﾠ11:00	 ﾠ–	 ﾠ19:00	 ﾠand	 ﾠchange	 ﾠthe	 ﾠ
arrival	 ﾠpattern	 ﾠof	 ﾠthe	 ﾠpatient	 ﾠthat	 ﾠto	 ﾠfit	 ﾠthe	 ﾠchange	 ﾠin	 ﾠnurse	 ﾠschedule.	 ﾠ
Scenario	 ﾠ3	 ﾠ Add	 ﾠone	 ﾠnurse	 ﾠat	 ﾠdifferent	 ﾠstations	 ﾠfrom	 ﾠ8:00	 ﾠto	 ﾠ16:00.	 ﾠ	 ﾠ
Scenario	 ﾠ4	 ﾠ Add	 ﾠone	 ﾠnurse	 ﾠat	 ﾠdifferent	 ﾠstations	 ﾠfrom	 ﾠ10:00	 ﾠto	 ﾠ18:00.	 ﾠ	 ﾠ
Scenario	 ﾠ4.2	 ﾠ Add	 ﾠone	 ﾠnurse	 ﾠat	 ﾠdifferent	 ﾠstations	 ﾠfrom	 ﾠ10:00	 ﾠto	 ﾠ18:00	 ﾠand	 ﾠchange	 ﾠthe	 ﾠarrival	 ﾠpattern	 ﾠof	 ﾠthe	 ﾠ
patient	 ﾠto	 ﾠfit	 ﾠthe	 ﾠchange	 ﾠin	 ﾠnurse	 ﾠschedule.	 ﾠ
Scenario	 ﾠ5	 ﾠ Add	 ﾠone	 ﾠnurse	 ﾠat	 ﾠdifferent	 ﾠstations	 ﾠfrom	 ﾠ11:00	 ﾠto	 ﾠ19:00.	 ﾠ
Scenario	 ﾠ5.2	 ﾠ Add	 ﾠone	 ﾠnurse	 ﾠat	 ﾠdifferent	 ﾠstations	 ﾠfrom	 ﾠ11:00	 ﾠto	 ﾠ19:00	 ﾠand	 ﾠchange	 ﾠthe	 ﾠarrival	 ﾠpattern	 ﾠof	 ﾠthe	 ﾠ
patient	 ﾠto	 ﾠfit	 ﾠthe	 ﾠchange	 ﾠin	 ﾠnurse	 ﾠschedule.	 ﾠ
 
Table	 ﾠ3:	 ﾠThe	 ﾠpatient	 ﾠarrival	 ﾠpattern	 ﾠof	 ﾠScenario	 ﾠ1	 ﾠ
Working	 ﾠHour	 ﾠ 	 ﾠ	 ﾠNo	 ﾠof	 ﾠNurses	 ﾠ 	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠCurrent	 ﾠArrival	 ﾠRate	 ﾠ	 ﾠ Changed	 ﾠArrival	 ﾠRate	 ﾠ
8:00	 ﾠ-ﾭ‐	 ﾠ9:00	 ﾠ 7	 ﾠ 13	 ﾠ 12	 ﾠ
9:00	 ﾠ-ﾭ‐	 ﾠ10:00	 ﾠ 7	 ﾠ 17	 ﾠ 12	 ﾠ
10:00	 ﾠ-ﾭ‐	 ﾠ11:00	 ﾠ 8	 ﾠ 14	 ﾠ 15	 ﾠ
11:00	 ﾠ-ﾭ‐	 ﾠ12:00	 ﾠ 9	 ﾠ 13	 ﾠ 16	 ﾠ
12:00	 ﾠ-ﾭ‐	 ﾠ13:00	 ﾠ 11	 ﾠ 11	 ﾠ 18	 ﾠ
13:00	 ﾠ-ﾭ‐	 ﾠ14:00	 ﾠ 11	 ﾠ 13	 ﾠ 18	 ﾠ
14:00	 ﾠ-ﾭ‐	 ﾠ15:00	 ﾠ 11	 ﾠ 13	 ﾠ 18	 ﾠ
15:00	 ﾠ-ﾭ‐	 ﾠ16:00	 ﾠ 11	 ﾠ 11	 ﾠ 13	 ﾠ
16:00	 ﾠ-ﾭ‐	 ﾠ17:00	 ﾠ 4	 ﾠ 8	 ﾠ 7	 ﾠ
17:00	 ﾠ-ﾭ‐	 ﾠ18:00	 ﾠ 4	 ﾠ 3	 ﾠ 4	 ﾠ
18:00	 ﾠ-ﾭ‐	 ﾠ19:00	 ﾠ 3	 ﾠ 2	 ﾠ 2	 ﾠ
19:00	 ﾠ-ﾭ‐	 ﾠ20:00	 ﾠ 2	 ﾠ 2	 ﾠ 	 ﾠ0	 ﾠ
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Table	 ﾠ4:	 ﾠComparison	 ﾠof	 ﾠthe	 ﾠsystem	 ﾠperformance	 ﾠbetween	 ﾠthe	 ﾠcurrent	 ﾠsystem	 ﾠand	 ﾠScenario	 ﾠ1	 ﾠ
Average	 ﾠNumber	 ﾠof	 ﾠServed	 ﾠPatients	 ﾠ Average	 ﾠPatient	 ﾠWait	 ﾠTime	 ﾠ(minutes)	 ﾠ Patient	 ﾠType	 ﾠ
Current	 ﾠScenario	 ﾠ Scenario	 ﾠ1	 ﾠ Current	 ﾠScenario	 ﾠ Scenario	 ﾠ1	 ﾠ
15	 ﾠminute	 ﾠ	 ﾠ 33.9	 ﾠ 43.7	 ﾠ 4.3	 ﾠ 16.6	 ﾠ
30	 ﾠminute	 ﾠ	 ﾠ 15.4	 ﾠ 20.9	 ﾠ 3.9	 ﾠ 14.9	 ﾠ
45	 ﾠminute	 ﾠ	 ﾠ 1.06	 ﾠ 1.2	 ﾠ 3.2	 ﾠ 12	 ﾠ
1	 ﾠhour	 ﾠ	 ﾠ 8.4	 ﾠ 11.8	 ﾠ 4.9	 ﾠ 9.02	 ﾠ
1.5	 ﾠhour	 ﾠ	 ﾠ 7.3	 ﾠ 8.3	 ﾠ 6.1	 ﾠ 17.25	 ﾠ
1.25,	 ﾠ1.75,	 ﾠ2.25,	 ﾠ2.75	 ﾠhr	 ﾠ	 ﾠ 3	 ﾠ 3.5	 ﾠ 4.2	 ﾠ 5	 ﾠ
2	 ﾠhr	 ﾠ	 ﾠ 10	 ﾠ 10.8	 ﾠ 5	 ﾠ 14.4	 ﾠ
2.5	 ﾠhr	 ﾠ	 ﾠ 1.6	 ﾠ 2.2	 ﾠ 1.4	 ﾠ 8.6	 ﾠ
3	 ﾠhr	 ﾠ	 ﾠ 4.8	 ﾠ 5.3	 ﾠ 3.8	 ﾠ 8.1	 ﾠ
3.25,	 ﾠ3.5,	 ﾠ3.75	 ﾠhr	 ﾠ	 ﾠ 2.3	 ﾠ 1.4	 ﾠ 3.6	 ﾠ 4.2	 ﾠ
4	 ﾠhr	 ﾠ	 ﾠ 4.6	 ﾠ 4.6	 ﾠ 3.2	 ﾠ 8.6	 ﾠ
4.25,	 ﾠ4.5,	 ﾠ4.75	 ﾠhr	 ﾠ	 ﾠ 0.733	 ﾠ 0.7	 ﾠ 2.5	 ﾠ 3.32	 ﾠ
5	 ﾠhr	 ﾠ	 ﾠ 4.2	 ﾠ 3.3	 ﾠ 3.1	 ﾠ 8.1	 ﾠ
5.25,	 ﾠ5.5,	 ﾠ5.75,	 ﾠ6,	 ﾠ6.5,	 ﾠ
6.75,	 ﾠ7	 ﾠhr	 ﾠ	 ﾠ 2.8	 ﾠ 3.32	 ﾠ 2.3	 ﾠ 2.5	 ﾠ
7.25,	 ﾠ7.5,	 ﾠ	 ﾠ7.75,	 ﾠ	 ﾠ8,	 ﾠ	 ﾠ
8.25,	 ﾠ	 ﾠ8.5	 ﾠhr	 ﾠ 1.96	 ﾠ 3.1	 ﾠ 3.53	 ﾠ 3.5	 ﾠ
9.5,	 ﾠ	 ﾠ10,	 ﾠ	 ﾠ11,	 ﾠ	 ﾠ11.5	 ﾠhr	 ﾠ	 ﾠ 1	 ﾠ 1.3	 ﾠ 10	 ﾠ 0.71	 ﾠ
Average	 ﾠ 103	 ﾠ 125	 ﾠ 4.3	 ﾠ 13.4	 ﾠ
Maximum	 ﾠ 108	 ﾠ 135	 ﾠ
	 ﾠ 	 ﾠ
	 ﾠ
Table	 ﾠ5:	 ﾠComparing	 ﾠthe	 ﾠuse	 ﾠof	 ﾠstations	 ﾠ
	 ﾠ Station	 ﾠ1	 ﾠ Station	 ﾠ2	 ﾠ Station	 ﾠ3	 ﾠ	 ﾠ Station	 ﾠ4	 ﾠ Solarium	 ﾠ Average	 ﾠ
Utilization	 ﾠ
Current	 ﾠ
Scenario	 ﾠ
0.73	 ﾠ 0.8	 ﾠ 0.49	 ﾠ 0.49	 ﾠ 0.58	 ﾠ 0.62	 ﾠ
Scenario	 ﾠ1	 ﾠ 1.06	 ﾠ 0.72	 ﾠ 0.76	 ﾠ 0.74	 ﾠ 0.6	 ﾠ 0.776	 ﾠ
	 ﾠ
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Table	 ﾠ6:	 ﾠSummary	 ﾠof	 ﾠthe	 ﾠresults	 ﾠof	 ﾠall	 ﾠscenarios	 ﾠ
Scenarios	 ﾠ Main	 ﾠEffect	 ﾠ
Average	 ﾠ
Wait	 ﾠ
time	 ﾠ
(Minute)	 ﾠ
Average	 ﾠ
Throughput	 ﾠ
Average	 ﾠ
Station	 ﾠ
Utilization	 ﾠ
Current	 ﾠ
Scenario	 ﾠ
It	 ﾠrepresents	 ﾠthe	 ﾠcurrent	 ﾠworking	 ﾠ
condition.	 ﾠ
4.3	 ﾠ 102	 ﾠ 61.8%	 ﾠ
Scenario	 ﾠ1	 ﾠ
It	 ﾠresults	 ﾠin	 ﾠminor	 ﾠincrease	 ﾠin	 ﾠthe	 ﾠ
waiting	 ﾠtime	 ﾠbut	 ﾠsignificantly	 ﾠ
increases	 ﾠthe	 ﾠstations	 ﾠutilisation.	 ﾠ
13.4	 ﾠ 125	 ﾠ 77.6%	 ﾠ
Scenario	 ﾠ2	 ﾠ
It	 ﾠreduces	 ﾠthe	 ﾠthroughput	 ﾠ
compared	 ﾠto	 ﾠScenario	 ﾠ1.	 ﾠ
	 ﾠ
13	 ﾠ
	 ﾠ
119	 ﾠ 76.9%	 ﾠ
Scenario	 ﾠ
2.2	 ﾠ
It	 ﾠis	 ﾠsimilar	 ﾠto	 ﾠScenario	 ﾠ1	 ﾠwith	 ﾠ
respect	 ﾠto	 ﾠwaiting	 ﾠtime	 ﾠand	 ﾠ
stations	 ﾠutilisation	 ﾠbut	 ﾠresults	 ﾠin	 ﾠ
lower	 ﾠthroughput.	 ﾠ
13.21	 ﾠ 116	 ﾠ 78%	 ﾠ
Scenario	 ﾠ3	 ﾠ
It	 ﾠobtains	 ﾠbest	 ﾠresults	 ﾠif	 ﾠthe	 ﾠnurse	 ﾠ
is	 ﾠassigned	 ﾠto	 ﾠstation	 ﾠ1.	 ﾠ
Comparable	 ﾠto	 ﾠScenario	 ﾠ1.	 ﾠ
11.75	 ﾠ 125	 ﾠ 77.8%	 ﾠ
Scenario	 ﾠ4	 ﾠ
It	 ﾠobtains	 ﾠbest	 ﾠresults	 ﾠif	 ﾠthe	 ﾠnurse	 ﾠ
is	 ﾠassigned	 ﾠto	 ﾠstation	 ﾠ2.	 ﾠ
Comparable	 ﾠto	 ﾠScenario	 ﾠ1	 ﾠ
12.45	 ﾠ 125	 ﾠ 77.8%	 ﾠ
Scenario	 ﾠ
4.2	 ﾠ
It	 ﾠobtains	 ﾠbest	 ﾠresults	 ﾠif	 ﾠthe	 ﾠnurse	 ﾠ
is	 ﾠassigned	 ﾠto	 ﾠstation	 ﾠ2.	 ﾠCompared	 ﾠ
to	 ﾠScenario	 ﾠ1,	 ﾠit	 ﾠhas	 ﾠlower	 ﾠ
throughput	 ﾠand	 ﾠwaiting	 ﾠtime.	 ﾠ
10	 ﾠ 120	 ﾠ 76.2%	 ﾠ
Scenario	 ﾠ5	 ﾠ
It	 ﾠobtains	 ﾠbest	 ﾠresults	 ﾠif	 ﾠthe	 ﾠnurse	 ﾠ
is	 ﾠassigned	 ﾠto	 ﾠsolarium	 ﾠstation.	 ﾠ
Comparable	 ﾠto	 ﾠScenario	 ﾠ1.	 ﾠ
11.75	 ﾠ 125	 ﾠ 77.6%	 ﾠ
Scenario	 ﾠ
5.2	 ﾠ
It	 ﾠobtains	 ﾠbest	 ﾠresults	 ﾠif	 ﾠthe	 ﾠnurse	 ﾠ
is	 ﾠassigned	 ﾠto	 ﾠsolarium	 ﾠstation.	 ﾠIt	 ﾠ
results	 ﾠin	 ﾠlower	 ﾠthroughput	 ﾠand	 ﾠ
higher	 ﾠstations	 ﾠutilisation.	 ﾠ
12	 ﾠ 122	 ﾠ 79.2%	 ﾠ
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Table	 ﾠ7:	 ﾠArrival	 ﾠpattern	 ﾠ(hourly)	 ﾠof	 ﾠdifferent	 ﾠtypes	 ﾠof	 ﾠpatients	 ﾠbased	 ﾠon	 ﾠScenario	 ﾠ1	 ﾠ
TYPE	 ﾠ Type	 ﾠ1	 ﾠ Type	 ﾠ2	 ﾠ Type	 ﾠ3	 ﾠ Type	 ﾠ4	 ﾠ Type	 ﾠ5	 ﾠ Type	 ﾠ6	 ﾠ Total	 ﾠ
Patient	 ﾠ(by	 ﾠ
Hour)	 ﾠ
8:00-ﾭ‐9:00	 ﾠ 6	 ﾠ 2	 ﾠ 1	 ﾠ 1	 ﾠ 1	 ﾠ 1	 ﾠ 12	 ﾠ
9:00-ﾭ‐10:00	 ﾠ 6	 ﾠ 2	 ﾠ 1	 ﾠ 1	 ﾠ 1	 ﾠ 1	 ﾠ 12	 ﾠ
10:00-ﾭ‐11:00	 ﾠ 7	 ﾠ 4	 ﾠ 2	 ﾠ 1	 ﾠ 1	 ﾠ 	 ﾠ 15	 ﾠ
11:00-ﾭ‐12:00	 ﾠ 8	 ﾠ 4	 ﾠ 2	 ﾠ 1	 ﾠ 1	 ﾠ 	 ﾠ 16	 ﾠ
12:00-ﾭ‐13:00	 ﾠ 10	 ﾠ 5	 ﾠ 2	 ﾠ 1	 ﾠ 	 ﾠ 	 ﾠ 18	 ﾠ
13:00-ﾭ‐14:00	 ﾠ 10	 ﾠ 5	 ﾠ 2	 ﾠ 1	 ﾠ 	 ﾠ 	 ﾠ 18	 ﾠ
14:00-ﾭ‐15:00	 ﾠ 12	 ﾠ 4	 ﾠ 2	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 18	 ﾠ
15:00-ﾭ‐16:00	 ﾠ 10	 ﾠ 3	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 13	 ﾠ
16:00-ﾭ‐17:00	 ﾠ 5	 ﾠ 2	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 7	 ﾠ
17:00-ﾭ‐18:00	 ﾠ 4	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 4	 ﾠ
18:00-ﾭ‐19:00	 ﾠ 2	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 2	 ﾠ
19:00-ﾭ‐20:00	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Total	 ﾠ
Patient	 ﾠ(by	 ﾠ
Type)	 ﾠ	 ﾠ
80	 ﾠ 31	 ﾠ 12	 ﾠ 6	 ﾠ 4	 ﾠ 2	 ﾠ 135	 ﾠ
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Figure	 ﾠ4:	 ﾠScheduling	 ﾠtemplate	 ﾠbased	 ﾠon	 ﾠScenario	 ﾠ1	 ﾠ	 ﾠ
	 ﾠ
	 ﾠ